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FOREWORD 

This  is  the  first  annual  report  published  by  the 
Forest  Products  Laboratory  in  its  51-year  history. 

For  some  time  a growing  need  for  such  a periodic 
report  has  been  apparent,  both  within  and  outside 
the  Forest  Service.  The  Laboratory’s  golden  anniver- 
sary, observed  in  June  1960  with  ceremonies  that 
attracted  scientists,  educators,  industrialists,  and  gov- 
ernment leaders  from  all  parts  of  the  Nation  and 
foreign  lands,  strongly  emphasized  this  need.  On  that 
occasion,  the  advances  made  in  50  years  had  been 
noted,  contrasts  had  been  drawn  between  the  condi- 
tions and  research  requirements  of  1910  and  those  of 
1960,  and  new  research  needs  of  coming  years  had 
been  focused  upon. 

The  year  1961  is  the  first  full  calendar  year  elaps- 
ing since  that  anniversary  celebration.  It  is,  there- 
fore, a singularly  appropriate  time  to  make  this  first 
annual  report  on  FPL  programs  and  work  to  the 
American  public,  in  order  to  keep  all  who  are  inter- 
ested in  the  work  of  this  Laboratory  currently  advised 
on  progress  since  the  memorable  occasion  of  the 
golden  anniversary. 

As  the  oldest  institution  of  its  kind  in  the  world, 
FPL  serves  an  industrial  complex  that  annually  pro- 
duces 35  billion  or  more  board  feet  of  lumber,  7 bil- 
lion square  feet  of  plywood,  3 billion  square  feet  of 
insulation  board,  2 billion  square  feet  of  hardboard, 
a quarter  billion  square  feet  of  particle  board,  and  34 
million  tons  of  paper  and  paperboard.  It  also  serves 
the  consumers  of  these  products  by  making  possible 
more  efficient  utilization  of  the  forest  resource  and 
better  service  life  of  wood  products.  The  good  health 
of  this  industrial  complex  is  vital  to  the  economy  of 
the  Nation,  for  it  constitutes  collectively  the  Nation’s 
fifth  largest  industry. 

The  function  of  this  report  is  to  present  general 
facts  of  research  progress  during  1961.  Detailed  ac- 
counts of  the  work  done  must,  however,  be  reserved 
to  technical  publications,  where  full  information  is 
available.  Those  in  need  of  detailed  information  are 
referred  to  such  reports.  A list  of  technical  and  scien- 
tific publications  issued  during  1961  is  appended. 


Edward  G.  Locke 
Director 
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Introduction 

Ever  since  it  was  founded  at  Madison,  Wis.,  in 
1910  as  the  first  venture  of  its  kind  in  the  world,  the 
Forest  Products  Laboratory  has  been  operated  by  the 
Forest  Service,  U.S.  Department  of  Agriculture,  in 
cooperation  with  the  University  of  Wisconsin.  The 
object  of  the  founders  was  to  set  up  a single  Labora- 
tory to  replace  a number  of  investigations  then  under 
way  at  locations  scattered  from  coast  to  coast.  Ex- 
perience with  these  had  led  to  the  conclusion  that 
more  effective  work  could  be  done  at  much  less  cost 
of  time,  money,  and  manpower  by  a well-rounded  staff 
concentrated  at  one  location,  and  representing  all  of 
the  scientific  disciplines  needed  to  solve  complex  prob- 
lems of  wood  research. 

Results  have  borne  out  the  soundness  of  that  con- 
clusion. Today  FPL  is  widely  known  as  a central 
source  of  knowledge  and  information  about  wood  with 


perhaps  the  broadest  program  of  forest  products  re- 
search under  way  at  any  comparable  institution  in  the 
world.  It  has  become  a focal  point  of  basic  research 
and  a source  of  ideas  for  product  development  by 
industry. 

Broadly,  FPL  functions  in  four  major  areas  of 
utilization  research.  These  are  (1)  solid  wood  prod- 
ucts, (2)  engineering  and  packaging,  (3)  pulp,  paper, 
and  chemical  products,  and  (4)  wood  quality.  In  this 
report,  results  attained  during  1961  are  presented 
under  each  of  these  area  headings.  Within  each  area 
are  groups  of  studies  concerned  with  a given  subject 
matter.  Each  year  certain  studies  are  completed  and 
new  ones  begun.  In  1961  a total  of  63  were  completed. 

Significant  new  studies  included  one  on  nation- 
wide microclimate  effects  on  wood,  paints,  adhesives, 
and  particle  board  at  stations  set  up  near  Olympia, 
Wash.,  Fresno,  Calif.,  and  Saucier,  Miss.,  as  well  as 
Madison ; one  aimed  at  establishing  a theory  for  pre- 
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dieting  the  behavior  of  flat  plywood  and  sandwich 
panels  under  normal  load ; the  use  of  radio-active  iso- 
topes for  evaluating  wood  properties;  entomological 
studies  of  powder-post  beetles  and  behavioral  charac- 
teristics of  subterranean  termites;  interference  of 
fire-retardant  chemicals  in  wood  with  adhesive  bond- 
ing; effects  of  wind  sway  on  trees  as  an  environmental 
factor  influencing  wood  quality;  possibilities  of  alter- 
ing the  crystalline  structure  of  cellulose  to  enhance 
its  chemical  reactivity;  and  improvement  of  dimen- 
sional stability  and  stiffness  of  paper  through  use  of 
expander  rolls  on  the  paper  machine. 

Two  salient  features  of  basic  significance  to  future 
progress  at  FPL  emerged  during  1961.  These  were  a 
healthy  expansion  and  diversification  of  staff  and  sub- 
stantial success  in  reorienting  the  research  program 
in  line  with  changing  and  expanding  needs  of  the 
forest  products  industries  and  users.  The  two  devel- 
opments were  in  a sense  complementary.  Expansion 
and  diversification  of  available  skills  and  talents  made 
it  possible  to  adjust  the  program  more  rapidly  and 
smoothly  than  could  otherwise  have  been  done.  The 
staff  expansion  became  possible  only  because  the  Con- 
gress recognized  the  need  for  fresh  approaches  in  an 
enlarged  forest  products  research  program. 

Even  with  this  expansion  and  diversification  of 
research,  however,  it  has  been  found  possible  to  con- 
tinue some  lines  of  cooperative  research  with  the  De- 
partment of  Defense.  Most  of  this  work,  which  has 
been  continued  ever  since  World  War  II,  has  been  in 
the  fields  of  adhesives,  structural  sandwich  materials, 
and  packaging.  During  Fiscal  Year  1962,  about  15 
percent  of  the  total  Laboratory  program  continues  to 
be  devoted  to  such  research. 

Research  in  cooperation  with  private  industry  is 
holding  about  constant.  During  Fiscal  Year  1961, 
ending  June  30,  1961,  a total  of  126  projects  were 


accepted.  The  total  for  Fiscal  Year  1962  is  estimated 
at  about  130,  ranging  in  cost  from  less  than  $200  to 
$12,000.  This  research  deals  mainly  with  utilization 
problems  confronting  an  individual,  private  firm,  or 
industrial  group.  To  be  acceptable,  however,  it  must 
promise  a significant  contribution  to  knowledge.  It  is 
beneficial  to  the  overall  research  program  by  keeping 
staff  members  in  constant  close  touch  with  industry 
developments  and  current  problems. 

Expansion  and  diversification  of  the  permanent 
staff  resulted  in  the  employment  of  a total  of  51  more 
people  during  1961,  bringing  the  aggregate  number 
of  employees  from  383  on  January  1 to  434  on  Decem- 
ber 31.  Of  the  new  personnel,  19  were  in  professional 
categories  and  6 with  Ph.  D.  degrees.  Thus,  while  total 
employment  increased  13  percent  and  total  profes- 
sional employment  about  as  much,  there  was  a 25 
percent  gain  in  the  number  of  professionals  at  the 
Ph.  D.  level.  The  growing  competence  of  the  research 
staff  and  the  need  for  highly  specialized  personnel  in 
ever  more  diversified  fields  of  investigation  are  alike 
reflected  in  these  statistics. 

Necessarily,  a review  of  a year’s  work  by  an  or- 
ganization such  as  FPL,  operated  on  a national  scale 
in  subject-matter  fields  involving  so  many  sciences, 
technologies,  and  professions,  must  be  selective.  The 
following  pages  contain  a summarization  of  the  more 
significant  developments  of  1961  in  all  areas  in  which 
FPL  was  active.  It  is  entirely  possible  — indeed  vir- 
tually certain  — that  in  future  years  work  given  little 
or  no  notice  in  this  report  will  yield  major  results. 
The  nature  of  research  is  such  that  this  must  fre- 
quently be  the  case.  It  is  one  of  the  lures  of  scientific 
research  that  keep  men  searching  for  they  know  not 
what,  much  as  the  explorer  is  ever  drawn  across  seas, 
mountains,  and  the  voids  of  space  toward  the  beckon- 
ing unknown. 


As  1961  drew  to  an  end,  an  "electronic  brain"  was  added  to  FPL's  data  processing  equipment.  Extensive  use  is  expected 
to  be  made  of  the  new  computing  unit,  shown  being  operated  by  Statistician  Wencil  W.  Wlodarczyk.  Typical  of  its 
capabilities  are  1,780  additions  or  subtractions  or  200  multiplications  of  5-digit  numbers  per  second. 
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Solid  Wood  Products  Research 


All  processes  and  treatments  by  which  wood  is 
made  serviceable,  from  the  sawing  of  round  logs  to 
the  utilization  of  sawdust  and  other  processing  resi- 
dues — as  well  as  processes,  such  as  slicing,  to  elimi- 
nate residue  — come  within  the  scope  of  research  on 
solid  wood  products.  The  reason  is  readily  apparent; 
by  making  wood  more  completely  serviceable,  research 
in  this  area  contributes  to  the  conservation  of  our 
most  valuable  renewable  resource,  timber.  The  bene- 
fits of  preservative  treatment  against  decay  and  in- 
sects are  a familiar  example.  Railroads  and  utilities 
have  estimated  that  they  save  a million  dollars  a day 
because  railroad  ties  and  communication  poles  last 
much  longer.  Without  such  treatments,  our  forests 
would  have  to  yield  7 billion  board  feet  more  of  these 
products  each  year. 

FPL  research  encompasses  the  many  kinds  of 
operations  involved  in  the  processing  and  protection 
of  wood  in  its  solid  form.  The  production  of  lumber, 
veneer,  plywood,  laminated  wood,  and  particle  board ; 
machining  operations;  preservative  and  fire-retard- 
ant treatments;  painting  and  finishing;  glues  and 
gluing  techniques ; and  seasoning  operations  comprise 
the  principal  processing  investigations  under  study. 

Supplementing  these  are  basic  studies  that  encom- 
pass fundamental  cutting  actions  of  saws,  knives,  and 
other  tools;  chemistry  of  preservatives,  fire  retard- 
ants, adhesives,  and  finishes;  pyrolysis  and  related 
effects  of  heat  and  combustion;  and  the  growth  and 
life  cycles  of  decay  and  staining  fungi,  bacteria,  and 
insects  that  attack  wood.  New  developments  in  all  of 
these  branches  of  research  are  covered  in  this  section. 

Environmental  Research 

Perhaps  the  most  significant  new  development  in 
timber  processing  research  during  1961  was  the 
launching  of  a new  fundamental  program  aimed  at 
studying,  nationwide,  the  effects  of  climate  on  the 
service  of  wood  products. 

Exposure  of  new  products  to  the  weather  and 
other  actual  service  conditions  to  determine  their 
serviceability  is,  of  course,  a widely  known  procedure 
used  by  FPL  for  many  years.  In  the  past,  however, 
little  or  no  attention  has  been  paid  to  actual  weather 
conditions  beyond  taking  note  of  the  nearest  Weather 
Bureau  data.  In  the  new  environmental  research  pro- 
gram, day-by-day  weather  conditions  and  effects  at 
the  site  will  be  recorded  and  closely  followed. 

The  program  is  so  new  in  concept  and  execution 
that  new  instruments  and  procedures  will  have  to  be 
developed.  Advice  and  cooperation  of  the  University 
of  Wisconsin  meteorology  department  will  be  avail- 
able in  this  phase  of  the  program  to  develop  the 
needed  procedures  for  measuring  such  exposure  var- 


iables as  the  temperature  prevailing  on  the  actual  sur- 
face of  exposed  products  at  all  times,  the  relative 
humidity  of  the  adjacent  air,  and  accumulation  of 
water,  snow,  or  ice  on  surfaces.  Collectively  these  var- 
iables are  known  as  microclimate,  and  may  differ 
quite  radically  from  conditions  observed  at  the  near- 
est Weather  Bureau  station. 

Two  exposure  sites  long  used  by  the  Laboratory 
at  Madison  and  on  the  Harrison  Experimental  Forest 
maintained  by  the  Southern  Forest  and  Range  Exper- 
iment Station  near  Saucier,  Miss.,  have  been  supple- 
mented with  new  sites  near  Olympia,  Wash.,  and 
Fresno,  Calif.  The  Washington  site  is  operated  in 
cooperation  with  that  State’s  Department  of  Natural 
Resources.  The  California  site  is  on  the  San  Joaquin 
Experimental  Range  of  the  Pacific  Southwest  Forest 
and  Range  Experiment  Station. 
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Mounting  plywood  specimens  for  studies  of  micro- 
climate effects  on  San  Joaquin  Experimental  Forest, 
central  California. 
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Some  products  were  put  on  exposure  racks  at  all 
four  sites  during  the  fall  and  winter  of  1961.  Among 
them  were  wood  house  siding,  plywood,  laminated 
beams,  and  particle  board.  Glues,  paints,  and  natural 
finishes  were  applied  to  some  of  each  type  of  speci- 
men and  will  be  included  in  the  observations  of  ex- 
posure effects. 

As  techniques  and  instrumentation  are  developed, 
studies  will  be  pushed  on  the  basic  factors  that  affect 
materials  exposed  to  weather;  microclimate  factors 
that  affect  product  performance;  types  and  rates  of 
deterioration  of  wood  products  as  related  to  environ- 
ment; and  short-term  tests  simulating  long-term 
weathering. 

The  overall  object  of  this  work  is  to  devise  more 
durable  and  longer-lived  wood  products  under  the 
comprehensive  range  of  conditions  included  in  this 
nationwide  program. 

Seasoning  Research 

Spadework  was  done  to  prepare  the  foundations 
for  a national  seasoning  research  project  that  would 
include  studies  at  various  forest  experiment  stations 
designed  to  apply  FPL  research  results  to  local  condi- 
tions, as  well  as  other  studies  sponsored  at  universi- 
ties by  the  Forest  Service. 

A senior  FPL  seasoning  specialist  visited  various 
parts  of  the  United  States  to  make  studies  necessary 
for  the  preparation  of  problem  analyses  on  needed 
research  in  air  seasoning,  predrying  or  forced-air  dry- 
ing, kiln  drying,  and  drying  fundamentals.  Proposals 
were  discussed  with  research  and  teaching  personnel 
at  colleges  and  universities  and  with  Station  research 
group  leaders.  The  project  is  conceived  as  a means  of 
bringing  the  results  of  basic  FPL  research  more  di- 
rectly to  bear  on  regional  and  area  problems  of 
seasoning,  with  emphasis  on  local  conditions  and 
species. 

Solar  Dryers  for  Seasoning 

A new  simplified  design  for  a solar-heated  lumber 
dryer,  the  latest  in  a series  of  such  designs  experi- 
mentally developed  during  several  years  of  research, 
proved  especially  effective  in  drying  lumber.  Two  runs 
of  red  oak  boards  were  dried  to  20  percent  moisture 
content  in  less  time  than  a dryer  of  earlier  design, 
and  indications  are  that  drying  to  10  percent  may  be 
economically  as  well  as  technically  feasible.  Such  com- 
plete drying  would  remove  the  dryer  from  the  “pre- 
dryer” category,  for  which  it  was  originally  conceived 
to  dry  hardwood  lumber  partially  before  it  is  kiln 
dried. 

The  earlier  design  had  consisted  of  a black  metal 
inner  lining  of  walls  and  roof  and  an  outer  skin  of  a 
clear  plastic  film.  In  the  new  design  the  black  metal 
lining  is  eliminated,  and  two  sheets  of  film  held  1% 
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In  sun-bathed  Puerto  Rico,  FPL  solar  dryer  halved 
normal  air-seasoning  time  of  mahogany  lumber. 


inches  apart  by  a wood  frame  to  provide  a heat  trap 
comprise  the  wall  covering.  Detailed  building  plans 
were  prepared. 

From  these  plans  a dryer  was  built  with  FPL 
assistance  at  the  Institute  of  Tropical  Forestry,  Rio 
Piedras,  P.R.  The  initial  pilot  run  in  this  dryer  began 
October  26  on  l^-inch  mahogany  lumber  at  about  50 
percent  moisture  content.  After  19  days  of  drying, 
the  lumber  had  gone  down  to  14  percent  moisture 
content,  and  6 days  later  it  averaged  12  percent.  Dry- 
ing proceeded  twice  as  fast  as  in  an  air-drying  pile 
adjacent  to  the  dryer.  Since  Puerto  Rico  lacks  drying 
facilities,  two  concerns  there  immediately  showed  in- 
terest in  the  commercial  possibilities  of  the  solar 
dryer. 

Hemlock  Seasoning  Program 

A major  target  of  FPL  seasoning  research  during 
1961  was  to  break  a seasoning  bottleneck  that  has 
largely  blocked  utilization  of  extensive  stands  of  ma- 
ture eastern  hemlock  in  the  Lake  States.  During  the 
past  decade,  very  little  of  this  species  has  been  cut 
because  of  ring  shake  and  extreme  variations  in 
moisture  content  of  green  material.  Estimates  are 
that  an  annual  cut  of  15  million  board  feet  is  feasible 
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during  the  next  few  years  without  danger  of  over- 
cutting. Considerable  second  growth  more  than  100 
years  old  is  available,  along  with  old  growth  up  to 
500  years  old. 

A proposal  for  a high-speed  stud  mill  at  Newberry, 
Mich.,  by  private  interests  with  Government  aid, 
triggered  the  FPL  kiln  drying  experiments  to  break 
the  seasoning  bottleneck.  Several  Lake  States  mills 
contributed  material  or  cooperative  funds  for  the 
work. 

The  moisture  content  variability  problem  was 
solved  by  dividing  the  material  received  for  experi- 
ments into  three  weight  classes,  light,  medium,  and 
heavy.  Short-length  samples  in  each  class  were  ex- 
perimentally dried  to  determine  suitable  kiln  sched- 
ules. A preliminary  steaming  was  found  desirable  in 
drying  the  heavy  high-moisture  content  material  in 
the  same  time  to  the  same  stage  of  dryness  as  the 
medium-weight  stock. 

Schedules  decided  upon  for  trial  with  full-size 
studs  were  mild  enough  so  that  ring  shake  existing 
in  the  standing  timber  would  not  be  aggravated.  At 
year’s  end  work  on  this  was  continuing. 

Chemical  Seasoning,  Stabilization 

In  two  widely  divergent  fields  — military  weapons 
and  museum  specimens  — the  FPL  process  for  sea- 
soning and  stabilizing  green  or  water-soaked  wood 
played  a key  role  during  1961. 

The  unprecedented  reliability  of  wood  gunstocks 
chemically  stabilized  and  seasoned  by  the  fiber-bulk- 
ing process  was  dramatically  demonstrated  by  the 
U.S.  Marine  Corps  Rifle  Marksmanship  Team. 

Stocks  furnished  through  an  FPL  cooperator 
were  fitted  to  Marine  rifles  and  field-tested  at  San 
Diego,  Calif.,  Quantico,  Va.,  and  Camp  Perry,  Ohio, 
scene  of  the  annual  national  rifle  championships. 


Through  drastic  changes  in  climate,  the  rifles  re- 
mained highly  accurate  in  target  competition  while 
weapons  fitted  with  untreated  stocks  had  to  be 
“zeroed  in”  and  barrel-to-stock  fittings  adjusted  re- 
peatedly because  accuracy  was  lessened  by  slight  di- 
mensional changes  in  the  stocks  with  changing  rela- 
tive humidity. 

Equally  marked  results  in  the  reduction  in  poten- 
tial seasoning  time  were  achieved  meanwhile  with 
treated  stocks.  By  “bulking”  the  fiber  walls  of  wood, 
the  chemical  largely  prevents  shrinkage  in  drying. 
Green  stocks  shaped  and  inletted  from  freshly  cut, 
treated  walnut  were  kiln  dried  in  20  days  as  com- 
pared to  the  120  days  normally  required  in  industry 
for  drying  of  untreated  walnut  blanks.  Seasoning  de- 
grade losses  were  negligible. 

Marine  officials  obtained  a substantial  number  of 
treated  stocks  from  commercial  producers  to  outfit 
the  1962  marksmanship  team,  and  Army  officials  at 
Springfield,  Mass.,  Armory  are  studying  stabilized 
stocks  for  use  on  the  new  M14  automatic  military 
rifle  that  is  now  approaching  large-scale  production. 

Meanwhile,  at  Blue  Mountain  Lake,  N.Y.,  officials 
of  the  Adirondack  Museum  were  aided  by  an  FPL 
specialist  in  applying  the  polyethylene  glycol  treat- 
ment to  water-soaked  wood  of  two  colonial  bateaux 
raised  from  Lake  George.  The  30-foot  craft,  of  a 
type  commonly  used  by  lumbermen  rafting  logs  down- 
stream in  Canada  and  the  American  colonies,  were 
raised  by  skin  divers.  The  wood,  however,  was  so 
weak  from  centuries  of  water  logging  and  decay  that 
some  of  the  pine  planking  broke.  Worse,  pieces  crum- 
bled when  dried.  This  prompted  the  museum  director 
to  contact  FPL  for  aid,  and  the  chemical  treatment 
was  successfully  put  to  use. 

Coincidentally,  from  Stockholm,  Sweden,  came 
news  that  a seventeenth  century  Swedish  man-o’-war, 
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the  Vasa,  raised  from  that  city’s  harbor  after  330 
years,  would  be  treated  with  polyethylene  glycol  to 
preserve  it.  In  1960,  a Swedish  businessman  had  con- 
ferred at  FPL  on  use  of  the  process  to  preserve  the 
unique  wooden  vessel.  The  ship  was  a treasure  trove 
of  craft  and  art  objects  of  the  period,  many  of  wood. 

Glue  Chemicals  from  Bark 

Experiments  on  bark  from  10  species  of  trees  un- 
covered bright  prospects  for  obtaining  chemicals  that 
may  yield  useful  wood  glues.  Sugar  pine  bark  was 
found  to  have  an  especially  high  content  of  substances 
that  react  with  formaldehyde  or  with  phenol-formal- 
dehyde resins  to  form  promising  adhesives.  Work  was 
begun  to  develop  methods  of  isolating  the  reactive 
components  from  the  bark,  determine  more  fully  their 
adhesive-forming  ability,  and  find  ways  of  preparing 
adhesives  from  them. 

Gluing  Building  Components 

A modest  beginning  was  made  on  a new  approach 
to  solving  a problem  that  has  long  beset  builders  — 
how  to  utilize  glues  more  extensively  in  the  assembly 
and  erection  of  component  parts.  The  approach  was 
facilitated  by  discovery  of  a method  of  measuring 
strains  in  glue  lines  that  excludes  deformations  in 
the  wood  itself.  The  technique  consists  of  measuring 
microloads  in  a very  small  joint  by  means  of  a micro- 
scope or  photographic  enlargements.  This  made  pos- 
sible the  first  reliable  determination  of  modulus  of 
rigidity  of  adhesives.  It  was  applied  to  a series  of  ex- 
perimental adhesives  based  on  epoxy-sulfide  rubber 
combinations. 

The  technique  led  to  a large-scale  exploratory 
study  of  the  performance  of  these  adhesives  in  joints 
between  wood  parts  at  different  angles  of  grain  that 
were  subjected  to  cyclic  moisture  content  changes. 
Being  sought  is  an  adhesive  of  sufficiently  low  mod- 
ulus of  rigidity  that  it  can  deform  to  accommodate 
differences  in  shrinkage  or  swelling  of  two  wood 
parts  it  holds  together  at  90°  angles  of  grain  in  the 
joint.  This  investigation  of  stress-strain  relationships 
in  glue  joints  is  being  continued. 

Finger  Joints  in  Lumber 

Socalled  “finger”  joints  have  long  beckoned  pro- 
ducers of  lumber,  millwork,  and  other  wood  products 
as  affording  a means  of  joining  short  pieces  end  to 
end  into  longer  ones.  Where  strength  is  of  minor  im- 
portance, such  joints  are  successfully  used.  In  load- 
carrying members  such  as  floor  joists  and  roof  raft- 
ers, however,  finger  joints  are  as  a rule  inadequate. 
Requirements  for  accurate  cutting  and  fit  also  limit 
their  utility. 

An  investigation  was  launched  during  1961  into 
the  geometry  of  finger  joints  - — notably  such  factors 
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Gluing  finger-jointed  wood  specimen  for  evaluation 
of  joint  design. 

as  the  length  of  the  fingers,  the  slope  of  the  face  of 
the  finger  with  the  axis  of  the  joint,  the  pitch  of  the 
fingers,  and  the  thickness  of  the  fingertips.  The  rela- 
tive importance  of  these  factors  is  being  studied  as  a 
means  of  developing  specific  joint  designs  assuring 
the  strength  levels  required  for  different  uses.  Less 
rigid  types  of  adhesives  are  also  being  tried  in  such 
joints. 

Gluing  Chemically  Treated  Wood 

Preservative  chemicals  of  various  kinds  are  well 
known  to  interfere  with  gluing.  During  1961,  the 
gluing  of  fire-retardant-treated  wood  was  investi- 
gated on  both  a trouble-shooting  and  a more  inclusive 
basis.  For  a commercial  firm,  stop-gap  information 
was  developed  on  a cooperative  basis  for  one  proprie- 
tary treatment  that  solved  a problem  met  in  gluing 
laminated  members  of  southern  yellow  pine. 

A more  basic  study  was  meanwhile  begun  to  de- 
termine which  chemicals  used  in  fire  retardants 
cause  interference  with  the  setting  of  the  glue  and 
to  indicate,  if  possible,  the  nature  of  such  interfer- 
ence. One  aspect  being  investigated  is  the  likelihood 
of  chemical  interference  while  the  resin  molecules 
are  curing  or  polymerizing  at  the  interface. 

Particle  Board 

In  10  years,  the  particle  board  industry  has  rock- 
eted to  a production  level  rivaling  that  of  the  much 
older  hardboard  industry.  Technological  growing 
pains  have  inevitably  developed  because  commercial 
growth  has  outdistanced  research  to  establish  the 
suitability  of  the  product  for  various  service  condi- 
tions. 

Some  limited  research  on  such  major  problems  as 
particle  geometry,  resin  content,  and  wax  effects  on 
board  properties,  and  the  effect  of  species  and  weath- 
ering was  continued  during  1961.  Of  special  promise 
from  the  technological  standpoint  was  development 
of  a planer-matcher  head  that  produces  shavings, 
while  planing  lumber,  that  are  more  suitable  than 
run-of-mill  shavings  for  particle  board.  Particle  board 
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made  from  these  shavings  had  superior  strength 
properties. 

Flakes  from  three  species  of  wood  differing  in 
density  but  otherwise  of  similar  growth  characteris- 
tics were  incorporated  in  particle  boards  ranging  in 
density  from  20  to  60  pounds  per  cubic  foot.  The 
species  of  lowest  density  produced  the  best  boards. 

Experimental  particle  boards  made  with  various 
binders  and  Douglas-fir  flakes  withstood  3 years  of 
outdoor  exposure  with  results  traceable  to  the  binder 
used.  Binders  of  phenolic  resin,  melamine-urea  resin, 
or  urea  resin  plus  wax  deteriorated  only  moderately, 
and  mainly  during  the  first  year.  Boards  with  urea 
resin  alone  as  the  binder,  on  the  other  hand,  under- 
went almost  complete  deterioration. 

Veneer  Quality 

Timber  quality  factors  that  govern  the  quality  of 
veneer  produced  by  rotary  cutting  are  being  analyzed 
with  the  object  of  establishing  a firm  basis  for  gen- 
etical  and  silvicultural  methods  of  improving  the 
quality  of  trees  grown  for  veneer. 
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Director  Edward  G.  Locke  (right)  watches  miniature 
lathe  knife  cut  through  southern  pine  in  rotary 
cutting  experiment  while  Technologist 
John  Lutz  examines  veneer. 

Preliminary  studies  with  new  equipment  designed 
to  permit  close  observation  of  the  wood  as  it  is  cut 
are  shedding  new  light  on  how  such  defects  as  lathe 
checks,  roughness,  and  shelling  develop.  For  example, 
indications  are  that  shelling  is  related  to  growth 
rate,  orientation  of  the  annual  rings,  and  pressure 
exerted  by  the  lathe’s  stationary  nosebar.  The  im- 


portance of  growth  rate,  ring  orientation,  and  other 
growth  and  heredity  characteristics  can  thus  be  eval- 
uated in  terms  of  veneer  quality.  The  work  is  to  con- 
tinue for  several  years  on  various  species.  The  present 
program  involves  only  southern  pine. 

Slicewood 

Two  years  ago  a new  term  appeared  in  the  lexicon 
of  the  forest  products  industries.  “Slicewood” 
emerged  as  the  name  of  a new  FPL-born  product  fit- 
ting the  definition  of  neither  lumber  nor  veneer. 
Thicker  than  veneer  as  usually  conceived,  it  was  the 
product  of  a veneer  sheer  rather  than  the  saw,  hence 
not  meeting  the  standard  definition  of  lumber. 

Nevertheless,  this  product  attracted  industry  in- 
terest almost  before  it  emerged  from  its  laboratory 
cocoon.  During  1961,  research  continued  on  require- 
ments for  its  production,  characteristics  of  the  prod- 
uct, and  machinery  suitable  for  commercial  produc- 
tion. 

Since  no  sawdust  is  produced,  at  least  20  percent 
more  usable  material  is  obtained  from  the  log  by 
slicing  than  by  sawing.  Slicewood  is  nearly  as  high 
in  bending  strength  as  sawn  lumber  but  significantly 
weaker  in  tension  perpendicular  to  the  grain  because 
of  knife  checks  that  develop  during  slicing.  It  is  some- 
what more  likely  to  split  when  nailed,  but  can  be  fas- 
tened with  air-driven  staples  without  splitting. 
Pieces  are  readily  glued  together  for  laminated  prod- 
ucts straight  or  curved. 

Because  heavy-duty  slicers  are  necessary  for  com- 
mercial production  at  rates  equivalent  to  those  of  saw- 
mills, developmental  work  is  being  pushed  on  such  a 
machine,  utilizing  experience  gained  with  the  veneer 
slicer  heretofore  used. 

Sawmilling  Better  Lumber 

Logs  from  young  second-growth  trees  often  yield 
lumber  that  warps  excessively.  The  cause  generally  is 
laid  to  abnormal  wood  called  compression  wood  and 
socalled  “juvenile”  wood  found  in  the  center  of  logs. 
Under  investigation  are  methods  of  sawing  logs  6 to 
12  inches  in  diameter  in  order  to  increase  the  number 
of  pieces  of  lumber  free  from  warp-inducing  wood. 

Experiments  are  under  way  on  the  production  of 
pulpable  sawdust  from  oak.  This  is  a follow-up  on 
previous  work  done  with  southern  pine,  in  which  it 
was  demonstrated  that  production  of  pulpable  sawdust 
particles  resulted  in  excessive  loss  of  potential  lum- 
ber; the  value  of  the  lumber  lost  was  greater  than 
that  of  the  sawdust  chips  produced.  The  theory  has 
been  put  forward,  however,  that  with  hardwoods, 
which  have  much  shorter  fibers  than  softwoods,  small- 
er sawdust  particles  might  make  acceptable  pulp, 
hence  less  drastic  sawing  procedures  could  be  used. 
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F.  B.  Malcolm,  small  sawmill  specialist,  operates  FPL's 
experimental  sawrig  in  a kerf-chip  sawing  experiment. 

Preliminary  indications  obtained  by  sawing  oak 
boards  are  that  oak  chips  break  up  more  than  south- 
ern pine  chips  and  that  saws  tend  to  “snake”  or  de- 
viate excessively  at  sawtooth  bites  greater  than  3/16 
inch.  Roughness  of  oak  boards  was  not  acceptable 
from  a planing  standpoint  at  sawtooth  bites  greater 
than  *4  inch. 

FPL  sawmilling  specialists,  at  the  request  of  the 
International  Cooperation  Administration,  conducted 
sawmill  seminars  in  Mexico  and  inspected  20  million 
board  feet  of  questioned  lumber  for  grade  in  Korea. 
The  lumber  purchase  had  been  financed  by  ICA  for 
the  Republic  of  Korea.  Sawmill  clinics  were  conducted 
in  Oregon,  Washington,  and  Michigan. 

Wood  Paints 

The  value  of  paper-plastic  overlays  for  improving 
paint  life  on  lumber  and  plywood  has  been  demon- 
strated in  outdoor  exposure  studies,  some  of  which 
have  continued  for  a decade.  On  overlaid  plywood  and 
flat-grained  southern  pine  lumber,  certain  paints  con- 
tinue to  perform  amazingly  well  after  9 years.  Little 
or  no  abnormal  paint  failure  in  the  form  of  cracking 
and  peeling  is  apparent.  It  appears  clear  that  the 
overlay  reduces  or  distributes  concentrated  stresses 
normally  exerted  on  paint  films  by  the  shrinking  and 
swelling  of  wood.  Improved  performance  of  paints 
and  putty  on  window  sash  treated  with  water  repel- 
lants  confirms  these  observations. 

Other  exposure  studies  up  to  6 years  old  are  dem- 
onstrating that  commercial  emulsion-type  paints  for 


wood  are  superior  in  performance  to  the  older  oil-base 
paints.  The  improvement  is  ascribed  to  the  fact  that 
oil  binders  exposed  to  radiant  energy  undergo  oxi- 
dative degradation,  while  the  polymers  in  resin  emul- 
sians  can  be  made  to  resist  such  degradation. 

The  promising  results  with  overlaid  plywood  and 
lumber  have  prompted  the  launching  of  new  basic 
studies  of  the  elastic  properties  of  emulsion  polymers 
and  the  magnitude  of  swelling  strains  in  wood  sur- 
faces as  measured  in  microscale.  Investigation  is  un- 
der way  on  techniques  of  polymerization,  polymer 
characterization,  and  tests  of  physical  and  elastic 
properties  of  emulsion  polymers.  Simultaneously, 
work  has  begun  on  developing  criteria  on  elastic  re- 
quirements of  films  by  micro-measurement  of  swell- 
ing strains  that  occur  in  wood  surfaces  because  of 
variations  in  wood  structural  elements.  As  a result  of 
these  studies,  it  is  expected  that  new  paints  may  be 
formulated  that  are  elastic  enough  to  withstand 
stresses  developed  without  breaking. 

Improved  Fire  Safety 

Long-range  research  is  under  way  on  various  ap- 
plied and  fundamental  approaches  to  the  overall  prob- 
lem of  improving  the  fire  resistance  and  safety  of 
wood  structures.  This  work  is  proceeding  in  four 
general  areas,  (1)  the  fire  endurance  of  wood  struc- 
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Adjusting  needle  to  measure  and  record  surface 
irregularities  of  plywood  with  electronic 
equipment  in  wood-finishing  experiments. 
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tures,  (2)  the  surface  ignition  and  flame-spread  char- 
acteristics of  wood,  (3)  fundamental  studies  of  py- 
rolysis and  combustion,  and  (4)  treatments  for  im- 
proving fire  resistance. 

A small  beginning  has  been  made  on  the  investiga- 
tion of  fire  endurance  of  wood  structures.  Glued  joints 
were  demonstrably  superior  to  bolted  joints  in  wood 
trusses  loaded  while  exposed  to  fire.  Some  exploratory 
charring  rate  tests  have  also  been  made. 

An  investigation  of  flame-spread  characteristics 
of  decorative  and  fire-retardant  coatings  on  wood  is 
nearing  completion,  and  related  flame  propagation 
temperatures  have  been  determined  for  different  ma- 
terials and  correlated  to  the  flame-spread  index  of  the 
FPL  8-foot  fire  tunnel  test. 

Basic  pyrolysis  research  under  way  for  several 
years  is  currently  aimed  at  defining  the  effects  of 
certain  fire-retardant  salts  on  the  basic  physical  and 
chemical  reactions  that  take  place  during  the  pyroly- 
sis of  wood.  From  chemical  knowledge  thus  developed, 
better  ways  of  controlling  and  inhibiting  pyrolysis 
and  combustion  in  wood  are  expected  to  emerge. 

Decays  and  Discolorations 

Perhaps  no  limiting  factor  on  wood  use  has  been 
more  generally  misunderstood  than  the  decay  hazard. 
Generally  speaking,  the  hazard  is  slight  when  wood 
is  not  in  contact  with  the  ground  and  can  be  largely 
eliminated  by  sensible  precautions  during  construc- 
tion and  maintenance  of  wood  structures.  Among 
such  precautions  are  structural  methods  that  assure 
shedding  of  rain  water  so  that  it  does  not  infiltrate 
and  collect  in  joints ; use  of  adequately  seasoned  lum- 
ber; protection  of  wood  from  contact  with  the  soil; 
and  use  of  toxic  preservatives  to  prevent  inroads  of 
decay  fungi  w'here  exposure  is  severe,  as  in  posts, 
poles,  piling,  and  fully  exposed  lumber. 

Research  into  the  nature  and  causes  of  decay  has 
long  since  exploded  the  myth  of  “dry  rot.”  Wood  kept 
reasonably  dry  is  well  protected  from  decay-causing 
organisms,  which  need  considerable  moisture  to  sur- 
vive. 

Basic  research  on  decay  and  its  causes  continues 
in  such  areas  as  the  natural  decay-resistance  of  dif- 
ferent species,  the  identification  and  physiological 
characteristics  of  decay  fungi,  and  conditions  that 
cause  decay  to  start  and  develop  in  wood,  whether 
logs,  stored  lumber,  poles,  or  in  buildings  and  other 
structures. 

Among  species  evaluated  during  1961  for  decay 
resistance  of  their  heartwood  were  four  Hawaiian 
woods,  a Chilean  species,  and  one  of  the  Philippine 
“mahoganies,”  Shorea  guiso. 

Dry  and  moist  heat  normally  encountered  in  com- 
mercial processing  of  wood  have  only  slight  effect  on 
the  decay  resistance  of  eight  highly  durable  woods, 


an  extensive  evaluation  of  heat  effects  disclosed.  The 
high  natural  decay  resistance  of  incense-cedar  heart- 
wood  was  concluded  to  be  due  to  several  phenolic- 
type  extractives  isolated  in  a toxicity  study. 

Research  was  continued  on  the  socalled  “soft  rot” 
type  of  fungus,  whose  existence  and  major  charac- 
teristics have  been  disclosed  by  FPL  research  in  re- 
cent years.  Microscopical  study  of  how  soft  rot  at- 
tacks wood  revealed  that  it  probably  enters  the  cell 
wall  through  tiny  holes  hitherto  unnoticed  and  leaves 
typical  cavities  in  the  secondary  walls  adjacent  to 
these  holes.  Certain  soft-rot  fungi  were  found  to  have 
unusual  capacity  for  developing  in  wood  with  little 
oxygen.  Work  on  an  accelarated  test  for  determining 
the  effectiveness  of  preservatives  against  them  is  pro- 
ceeding. 

A previously  unidentified  brick-red  discoloration 
in  the  heartwood  of  lodgepole  pine  was  found  to  be 
caused  by  the  fungus  Corticium  fuscostratum. 

In  other  studies,  chemical  stains  in  sugar  maple, 
hackberry,  black  gum,  tupelo  gum,  and  sweetgum  ap- 
peared in  all  cases  to  be  due  to  the  enzymatic  oxida- 
tion of  certain  wood  constituents  upon  exposure  of 
the  moist  wood  to  air.  Rapid  drying  or  exposure  of 
the  wood  to  high  temperatures  has  prevented  or  re- 
duced the  discolorations. 

Substructures  of  houses  are  generally  free  from 
serious  decay  hazards,  but  exterior  components  ex- 
posed to  rain  probably  should  be  more  extensively 
treated  with  preservative  at  present,  it  was  concluded 
on  the  basis  of  a 2-year  survey  of  more  than  1,000 
houses  for  the  Federal  Housing  Administration.  More 
than  12,000  moisture-meter  readings  and  decay  ob- 
servations were  made  in  seven  major  home-building 
areas. 

The  deterioration  of  gum  and  oak  pulpwood  chips 
stored  in  piles  was  found  to  be  due  principally  to  the 
attack  of  soft-rot  fungi.  Decay  by  typical  wood-rot- 
ting fungi,  however,  also  was  important,  which  is  in 
contrast  with  earlier  findings  on  stored  pine  chips. 
Deterioration  of  the  stored  chips  was  confined  largely 
to  the  outer  few  feet  of  the  piles,  and  was  greater  for 
gum  than  for  oak  chips. 

Termite  Biology  and  Control 

Wood  entomology  is  a comparatively  new  field  of 
research  at  FPL.  Significant  results  are  already  at 
hand,  however,  with  the  discovery  of  a termite  at- 
tractant  that  is  the  product  of  certain  decay  fungi. 
Experiments  demonstrated  that  the  product  consist- 
ently lures  termites  to  wood  containing  it. 

The  department  of  entomology  at  the  University 
of  Wisconsin  is  exploring  the  chemical  structure  of 
the  attractant.  The  behavior  of  termites  toward  the 
attractant  is  being  studied  by  FPL  entomologists 
with  the  object  of  ultimately  coupling  it  with  insecti- 
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Entomologist  Glenn  R.  Esenther  examines  jar  contain- 
ing wood  for  evidence  of  termite  attack  in  infested 
area.  Only  jars  containing  wood  decayed  by  fungi 
that  were  subsequently  killed  attracted  insects. 

cides  as  a possible  control  measure.  Two  colonies  of 
termites  in  Wisconsin  are  under  close  surveillance. 

Preservative  Chemicals,  Processes 

Investigations  of  wood-preserving  chemicals  and 
treating  processes  have  long  been  major  fields  of  FPL 
research.  Many  continuing  experiments  are  now  a 
quarter  century  old.  Each  year  two  reports  on  results 
are  brought  up  to  date,  one  on  stakes  treated  with 
various  preservatives  and  another  on  posts  treated 
and  exposed  on  the  Harrison  Experimental  Forest  in 
Mississippi.  A running  record  is  thus  published  an- 
nually on  the  effectiveness  of  a large  number  of  pre- 
servatives new  and  old. 

Many  thousands  of  wood  poles  are  used  each  year 
by  telephone  and  electric  power  utilities.  While  these 
are  usually  preservative  treated,  decay  eventually 
starts,  especially  at  the  critical  groundline.  For  some 
years  FPL  has  experimented  with  special  groundline 
treatments  of  poles  in  place.  Paste-  or  grease-type 
preservatives  containing  rather  high  concentrations 
of  toxic  chemicals  have  been  the  most  effective  yet 
tried  for  arresting  surface  decay  but  not  for  internal 
decay. 

Freshly  cut  poles  are  often  stored  for  long  periods 
before  being  treated  with  preservative.  Pretreatments 
to  protect  them  from  decay,  mold,  and  stain  have  been 
developed  in  exploratory  studies.  Pilot  trials  of  con- 
centrated solutions  of  ammonium  bifluoride  or  borax- 


boric  acid  have  begun  at  a Louisiana  wood-preserving 
plant  on  southern  pine  poles. 

Means  of  improving  the  cleanliness  and  paint- 
ability  of  pressure-treated  wood  are  under  way  with 
various  solutions  containing  pentachlorophenol.  A 
simple  indicator  test  was  developed  for  determining 
paintability  of  the  treated  product. 

The  oscillating  pressure  method  (OPM),  devel- 
oped in  Sweden  for  the  treatment  of  refractory  woods, 
did  not  improve  treatment  of  the  heartwood  of  a num- 
ber of  our  native  impervious  woods.  However,  sap- 
wood  penetration  of  preservatives  was  improved  in 
green  material  of  several  of  the  species  tested. 

Chemical  analyses  were  completed  for  12  Hawaii- 
an species  given  a double  diffusion  treatment  by  the 
Pacific  Southwest  Station  and  installed  in  the  Makika 
exposure  site  at  Honolulu.  Similar  analyses  were 
made  of  29  Puerto  Rican  species  treated  by  the  In- 
stitute of  Tropical  Forestry  and  installed  in  Puerto 
Rico.  Chemical  analysis  showed  that  a fair  percentage 
of  species  at  both  installations  hold  considerable 
promise  for  effective  treatment  by  the  double-diffu- 
sion process. 

Extensive  data  were  obtained  on  the  distribution 
of  four  preservatives  in  southern  pine  and  Douglas- 
fir  lumber  treated  by  conventional  pressure  methods. 
The  data  will  serve  as  a basis  for  developing  an  assay 
method  for  results-type  specifications,  as  part  of  a 
quality  control  program  to  improve  the  performance 
of  preservative-treated  lumber. 

Research  on  nontoxic  treatments  that  impart  de- 
cay resistance  to  wood,  which  have  been  developed  by 
FPL  in  recent  years,  was  continued,  with  emphasis 
on  the  destruction  of  minor  nutrients  in  wood  that 
are  essential  for  fungi.  Test  material  in  which  thia- 
mine was  destroyed  was  exposed  above  ground  in 
the  Harrison  Experimental  Forest  near  Saucier,  Miss. 
Painted  and  unpainted  material  was  included  to  de- 
termine the  effect  of  paint  on  thiamine  uptake  from 
airborne  contaminants. 

A new  project  with  the  Navy  Bureau  of  Yards  and 
Docks  is  aimed  at  improving  the  treatment  and  main- 
tenance of  marine  piling.  Under  development  are  sim- 
ple analytical  methods  for  use  in  quality  control-type 
specifications  for  procuring  new  piling  or  for  in- 
specting piling  in  service.  Analyses  of  piling  that  had 
given  both  good  and  poor  service  continued  to  show 
that  the  type  as  well  as  the  amount  of  preservative 
initially  injected  can  be  very  important  in  piling  per- 
formance. Comparisons  of  the  triethylene  glycol-fur- 
fural (TEG-F)  and  specific-gravity-of-fraction  meth- 
ods for  detecting  petroleum  in  creosote  indicated  that 
TEG-F  was  somewhat  more  sensitive. 
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Wood  Products  Engineering  Research 


Engineering  research  has  been  an  important  part 
of  the  FPL  program  throughout  the  Laboratory’s  ex- 
istence. The  reason  is  readily  apparent:  Probably  the 
first  question  anyone  asks  about  a structural  material 
is,  how  strong  is  it? 

The  strength  of  wood  as  a structural  material,  the 
strength  of  other  materials  made  of  it,  and  the 
strength  of  structures  built  with  these  materials  can 
be  established  only  through  research  in  terms  needed 
by  structural  designers.  Thus  it  is  that,  although 
wood  has  been  used  for  thousands  of  years  to  build 
many  kinds  of  structures,  it  has  become  a modern  en- 
gineering material  only  since  research  established 
the  data  and  criteria  needed  for  design  purposes.  The 
results  of  this  research  are  widely  applied  in  homes, 
schools,  supermarkets,  churches,  many  types  of  com- 
mercial and  industrial  buildings  — and  the  modern 
shipping  container. 

FPL  research  in  this  area  begins  with  the  estab- 
lishment of  the  mechanical,  physical,  and  related 
properties  of  the  many  species  of  wood  commercially 
used,  and  the  effects  of  use  conditions  on  these  prop- 
erties. The  same  properties  and  conditions  are  in- 
vestigated as  they  apply  to  plywood,  laminated  wood, 
chemically  treated  wood,  fiberboard,  particle  board, 
paper  and  paperboard  products,  and  composites  of 
wood  and  other  materials. 

Basic  data  on  materials  thus  assembled  are  de- 
veloped into  criteria  for  use  in  structural  design.  A 
familiar  example  is  the  bending  stress  rating  assigned 
to  a given  grade  of  a particular  species  of  framing 
lumber  by  manufacturers’  groups,  typically  the  1900f 
rating  assigned  the  Select  Structural  grade  of  Doug- 
las-fir  beams  and  stringers  by  the  West  Coast  Lum- 
ber Inspection  Bureau. 

FPL  research  engineers  consult  on  questions  of 
design  criteria,  grading  rules,  codes,  and  standards 
with  private  industry  groups,  such  as  the  National 
Lumber  Manufacturers  Association  and  its  regional 
affiliates,  the  American  Institute  for  Timber  Con- 
struction, the  Douglas  Fir  Plywood  Association,  the 
Association  of  American  Railroads,  the  American 
Standards  Association,  and  the  American  Society  for 
Testing  and  Materials.  Committees  of  some  of  these 
organizations  include  FPL  staff  members.  Others 
maintain  committees  that  keep  in  close  touch  with 
FPL  programs  and  findings. 

Structural  research  ranges  from  the  simplest 
joints  and  fastenings  to  full-scale  structures,  their 
walls,  floors,  roofs,  and  elements  such  as  trusses, 
arches,  and  panels.  These  are  loaded  in  various  ways 
to  simulate  actual  stresses  imposed  during  use  and 
conditions  of  use. 


Package  engineering  is  a longtime  FPL  special- 
ty. It  embraces  the  design  and  fabrication  of  im- 
proved boxes,  crates,  and  pallets,  blocking,  bracing, 
and  cushioning  of  container  contents,  and  associated 
protective  measures  such  as  waterproof  and  grease- 
proof containers  and  wraps. 

Basic  Engineering  Properties 

The  forerunner  of  what  is  expected  to  be  a major 
re-examination  of  important  western  species  got  un- 
der way  during  1961  with  a study  of  the  basic 
strength  properties  of  white  fir  ( Abies  concolor) . 
This  re-examination  will  be  done  as  part  of  an  overall 
survey  of  the  quality  of  standing  timber  in  various 
parts  of  the  United  States,  as  discussed  elsewhere  in 
this  report  under  the  major  research  area  heading, 
“Wood  Quality  Research.” 

The  white  fir  strength  investigation  is  being  con- 
ducted on  wood  from  two  locations  in  Oregon  and  two 
in  California.  The  logs  being  used  came  from  trees 
from  which  alternate  logs  were  at  the  same  time 
shipped  to  the  Douglas  Fir  Plywood  Association  lab- 
oratories in  Tacoma,  Wash.,  for  concurrent  investiga- 
tion of  the  mechanical  properties  of  veneer  and  ply- 
wood made  from  them. 

Ultimately,  DFPA  plans  to  relate  its  results  to 
those  of  FPL,  the  object  being  to  determine  the  rela- 
tionship between  strength  properties  of  commercial 
plywood  and  the  basic  properties  as  found  for  the 
clear  wrood  by  standard  procedures.  The  closely 
matched  wood  specimens  from  alternate  logs  of  the 

Hands  in  rubber  gloves.  Technician  William  Brewer 
adjusts  specimen  through  portholes  of  air-conditioned 
chamber  before  imposing  tensile  load.  Gloves  permit 
manipulation  without  opening  chamber. 
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same  trees  being  used  at  both  FPL  and  DFPA  are  ex- 
pected to  facilitate  this  investigation. 

For  species  other  than  white  fir,  existing  strength 
values  will  be  re-examined  on  the  basis  of  a compari- 
son of  existing  specific  gravity  data  and  values  ob- 
tained from  specific  gravity  determinations  of  stand- 
ing trees  statistically  selected  to  give  a far  more  com- 
prehensive sampling  of  each  species  than  has  hitherto 
been  possible.  This  broad  sample  may  lead  to  further 
investigations  of  some  species  to  determine  conclu- 
sively the  validity  of  existing  strength  data  or  modify 
them. 

FPL  evaluations  of  white  fir  wood  are  still  in  the 
preliminary  stage,  and  no  firm  results  on  either  green 
or  air-dry  material  are  yet  available. 

Two  lesser  species,  Osage-orange  from  north- 
eastern Oklahoma  and  a hybrid  of  Monterey  pine 
( Pinus  attenuradiata ) from  the  Institute  of  Forest 
Genetics  at  Placerville,  Calif.,  were  evaluated.  The 
Osage-orange  was  generally  stronger  than  wood  of 
this  species  previously  obtained  from  outside  its  nat- 
ural range.  The  strength  of  the  hybrid  was  only  about 
one-half  what  would  normally  be  expected  on  the 
basis  of  its  specific  gravity,  possibly  because  of  ap- 
preciable amounts  of  compression  wood. 

Under  evaluation  is  a Hawaiian  hardwood,  Euca- 
lyptus saligna,  that  is  considered  to  have  potential  as 
a structural  species  for  use  in  that  State. 

Research  on  quarter-scale  bridge  stringers  showed 
that  present  methods  of  deriving  working  stresses 
give  adequate  margin  against  bending  fatigue  failure 
in  service.  The  work  was  done  in  cooperation  with  the 
Association  of  American  Railroads  on  southern  yel- 
low pine  and  Douglas-fir.  A need  for  further  consider- 
ation of  allowable  shear  stresses  was  brought  out, 
however,  especially  for  preservative-treated  stringers. 

Evidence  that  fire  retardants  reduce  flexural 
strength  and  stiffness  of  wood  was  obtained  in  ex- 
periments on  southern  pine  and  Douglas-fir  treated 
with  two  kinds  of  commercial  retardants.  This  work 
prompted  a more  fundamental  study  that  is  designed 
to  evaluate  individually  the  effects  of  various  chemi- 
cals and  treatments  on  the  strength  of  different  spe- 
cies. Industry  groups  are  supporting  this  work. 

Basic  research  on  the  physical  properties  of  wood 
was  continued,  with  a major  object  the  development 
of  nondestructive  tests  that  reliably  measure  strength. 
With  such  a test,  simply,  conveniently,  and  quickly 
made  at  the  sawmill,  each  piece  of  structural  lumber 
from  2 by  4’s  on  up  to  giant  timbers  could  be  as- 
signed a realistic  strength  value.  At  present,  by  con- 
trast, grading  for  strength  is  done  on  the  basis  of 
visual  estimates  of  the  proportion  of  summerwood, 
rate  of  growth,  slope  of  grain  through  the  piece,  and 
the  location  and  size  of  knots  and  other  strength- 
reducing  characteristics. 
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Physicist  William  L.  James  passes  ultrasonic  vibrations 
through  seasoned  hard  maple  shoe-last  blank  as  non- 
destructive means  of  finding  drying  defects  before 
costly  carving  exposes  them. 

One  type  of  nondestructive  test  that  shows  promise 
of  commercial  application  consists  of  measuring  the 
rate  at  which  vibrations  along  the  length  of  the  piece 
are  damped  off.  By  this  means  a measure  of  internal 
friction  and  resonant  frequency  of  a piece  of  wood 
is  obtained  on  an  oscilloscope.  Resonant  frequency 
has  been  shown  to  be  closely  related  to  modulus  of 
elasticity,  and  internal  friction  has  about  the  same 
relationship  to  strength  as  does  specific  gravity. 

A few  exploratory  studies  were  begun,  with  equip- 
ment borrowed  from  the  Association  of  American 
Railroads,  to  determine  whether  it  is  possible  to  eval- 
uate specific  gravity  and  moisture  content  of  wood 
with  radioactive  isotopes.  Voids  in  wood  less  than  5 
inches  thick  were  located  and  measured  by  counting 
escaping  thermalized  neutrons  from  a radium-ber- 
yllium source  or  by  counting  backscatter  and  trans- 
mission of  gamma  rays  from  a cesium  137  source. 
Gross  differences  in  total  mass,  including  moisture 
and  wood  substance,  were  found  to  be  detectable. 

Laminated  Construction 

Among  the  first  glued  laminated  structural  mem- 
bers ever  built  and  erected  in  the  United  States  are 
the  arches  that  support  the  walls  and  roof  of  an  aux- 
iliary laboratory  structure  on  the  FPL  grounds. 
Erected  in  1935,  this  building  has  been  recognized  as 
a pioneering  venture  by  the  industry  that  has  since 
sprung  up  on  the  basis  of  the  technology  originated 
largely  by  FPL  research  that  has  been  continued  as 
needed  ever  since. 
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Work  is  under  way  in  cooperation  with  the  Asso- 
ciation of  American  Railroads  on  evaluations  of  the 
behavior  of  full-sized  glued  laminated  bridge  string- 
ers under  repeated  loading.  Tests  are  being  conducted 
in  the  AAR  laboratories.  FPL  engineers  are  advising 
on  the  analysis  of  results,  and  obtaining  basic  data  on 
properties  of  the  wood  used  in  the  stringers. 

For  the  Navy  Bureau  of  Ships,  flexural  strength 
of  laminated  Douglas-fir  beams  that  had  been  im- 
mersed in  salt  water  was  investigated.  Neither 
strength  nor  stiffness  was  found  to  be  significantly 
affected  by  up  to  9 million  cycles  of  loading  to  45 
percent  of  estimated  maximum  strength. 

Plywood  Strength 

Although  the  strength  properties  and  engineering 
criteria  of  plywood  have  been  deeply  studied  at  FPL 
over  a period  dating  back  to  World  War  I,  the  broad 
use  of  this  material  today  frequently  brings  up  new 
questions  requiring  laboratory  investigation.  Indus- 
try and  government  agencies  such  as  FHA  often 
bring  such  problems  to  FPL  for  exploration  and  solu- 
tion. 

For  example,  a major  producer  of  missiles  re- 
quested information  about  plywood  as  a structural 
cylindrical  shell  in  a missile.  From  the  ensuing  study 
was  developed  a mathematical  analysis  for  the  buck- 
ling of  such  shells  under  external  radial  pressure  and 
experimental  data  closely  verified  the  mathematical 
theory.  Design  data  for  buckling  coefficients  were 
derived. 

The  dramatically  different  structural  designs  for 
which  plywood  is  used  — vaulted  roofs,  multicurved 
shapes,  space  planes  and  the  like  — also  bring  up  de- 
sign problems.  Deflection  studies  of  flat  plywood  un- 
der load,  for  example,  disclosed  that  failure  can  occur 
in  compression  at  the  panel  edges  rather  than  in  flex- 
ure. A theory  for  predicting  such  behavior  in  mathe- 
matical terms  is  being  developed  for  designers. 

Fiberboard  and  Particle  Board 

A major  investigation  of  the  strength  of  hard- 
board,  other  fiberboards,  and  particle  board  was 
launched  during  1961.  These  materials  have  come 
into  extensive  use  for  structural  purposes,  and  for 
these  uses  their  strength  and  related  properties 
needed  to  be  more  precisely  defined  by  research.  The 
work  begun  last  year  is  expected  to  continue  for  4 
years,  and  since  its  inception  has  won  cooperative 
support  of  the  American  Hardboard  Association. 

The  program  contemplates  evaluation  of  plastic 
and  elastic  behavior  under  various  kinds  of  loadings, 
effects  of  duration  of  stress,  fatigue,  and  rate  of  load- 
ing, and  time-temperature-moisture  content  relation- 
ships for  hardboard  and  building  fiberboard.  Proce- 
dures for  adequately  measuring  shear  strength  in  the 


plane  of  the  panel,  a property  important  where  a 
panel  is  used  as  a stressed  skin  or  structural  sandwich 
facing,  are  under  development. 

Structural  Utilization 

The  evaluation  of  structures  and  structural  ele- 
ments made  of  wood  and  wood-base  materials  consti- 
tutes an  important  and  growing  field  of  FPL  engi- 
neering research.  Based  primarily  upon  design  con- 
siderations, it  logically  starts  with  the  development  of 
stress  grades  and  working  stresses,  species  effects, 
and  design  criteria  from  the  basic  strength  data  for 
materials.  Joints  and  fastenings,  structural  elements 
such  as  trusses,  arches,  and  various  types  of  struc- 
tural panels,  and  overall  evaluation  of  complete  struc- 
tures are  included  in  this  research. 

The  determination  of  basic  stresses  for  native 
species  is  an  assignment  undertaken  by  Committee 
D-7  on  Wood  of  the  American  Society  for  Testing 
and  Materials.  FPL  engineering  personnel  serve  on 
this  committee,  which  is  revising  basic  stresses.  Also 
under  consideration  by  the  committee  are  proposals 
for  deriving  working  stresses  directly  from  strength 
surveys  rather  than  first  developing  basic  stresses  for 
clear  wood  and  applying  limiting  factors,  such  as 
quality  of  material  and  safety,  to  these.  Progress  in 
the  development  of  nondestructive  tests  for  stiffness 
and  strength  lends  validity  to  these  proposals. 

Stress  grades  and  working  stresses  for  railway 
structural  timber  are  being  reviewed  in  cooperation 
with  the  American  Railway  Engineering  Association. 
AREA  was  assisted  in  evaluating  shear  stresses  in 
bridge  stringers  under  Diesel  locomotive  loads. 

A lengthy  and  complex  investigation  of  the 
strength  of  wood  poles  was  completed  with  the  issu- 
ance of  a report  on  results  to  the  cooperator,  ASTM. 
This  report  has  been  sent  to  the  American  Standards 
Association,  with  which  FPL  is  cooperating  on  re- 
vision of  “American  Standard  Specifications  and  Di- 
mensions for  Wood  Poles,”  primarily  to  develop  a 
schedule  of  fiber  stresses  and  establish  defect  limita- 
tions. The  object  of  this  program  is  to  provide  a more 
comprehensive  basis  for  engineering  evaluation  of 
poles  of  major  species  for  use  by  utilities. 

More  efficient  designs  for  timber  highway  bridges 
are  being  developed  cooperatively  with  the  Division 
of  Engineering  of  the  Forest  Service.  A mathemati- 
cal theory  developed  for  calculating  stiffness  of  a 
three-stringer  bridge  checked  out  with  experiments 
in  the  laboratory,  and  a general  analysis  for  the 
stiffness  of  a multistringer  bridge  was  completed. 

Five  bridges  on  Forest  Service  highways  were 
load  tested  to  measure  deflections  in  the  supporting 
beams  and  stringers.  One  of  these  was  in  Georgia, 
three  in  Montana,  and  one  in  Oregon.  Meantime,  a 
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Heavy  wood  bridge  stringer  under  torsion  load  imposed  at  both  ends  to  produce  twisting  stresses. 


supply  of  full-size  timbers  was  obtained  and  material 
tests  begun  in  preparation  for  later  study  of  full- 
scale  bridge  assemblies  loaded  to  destruction. 

An  investigation  of  the  load-carrying  capacity  of 
multiple-bolt  joints  in  heavy  Douglas-fir  timbers 
showed  that  each  bolt  carried  80  to  90  percent,  on  the 
average,  of  the  maximum  load  supported  by  a single- 
bolt joint.  In  green  lumber,  multiple-bolt  joints  car- 
ried only  about  two-tjiirds  of  the  load  comparable 
joints  supported  in  dry  material.  In  green  material 
allowed  to  season  before  final  evaluation,  strength 
parallel  to  grain  was  somewhat  higher  and  strength 
perpendicular  to  grain  somewhat  lower  than  in  ma- 
terial tested  while  green. 

Under  way  is  an  investigation  of  multiple-bolt 
joints  in  laminated  members  that  consist  of  lamina- 
tions differing  in  specific  gravity.  The  question  is, 
how  do  these  joints  compare  with  similar  ones  in 
solid  timber?  Effects  of  bolt  spacing  in  the  joint  are 
being  studied. 

Trusses  of  two  types,  which  had  been  evaluated 
when  made  and  then  stored  outdoors,  were  reevalu- 
ated 4 years  later  for  aging  effects  on  their  joints 
made  with  plywood  gusset  plates  glued  in  place.  King- 
post trusses  underwent  no  strength  or  stiffness  de- 


terioration. In  trusses  of  W design,  strength  was  also 
maintained  but  stiffness  declined  10  to  15  percent. 
The  rolling  shear  strength  of  individual  joints  was 
found  to  be  30  percent  lower  than  that  of  joints  with 
unweathered  plywood  gussets.  Results  led  to  the  be- 
ginning of  an  extended  study  on  nail-glued  plywood 
joints  extensively  used  by  the  building  industry  in 
trusses  for  houses  and  other  structures. 

Structural  research  on  housing  recently  has  been 
focused  on  the  performance  of  materials  and  struc- 
tural elements  under  normal  service  conditions.  To 
obtain  more  accurate  data  on  such  conditions,  a sur- 
vey was  completed  during  1961  on  temperature  build- 
ups within  houses.  The  data  had  been  taken  in  houses 
at  Tucson,  Ariz.,  Athens,  Ga.,  Portland,  Oreg.,  and 
Lufkin,  Tex.,  as  well  as  Madison,  Wis. 

Working  with  FPL  in  this  survey  were  the  Rocky 
Mountain,  Pacific  Northwest,  and  Southeastern  For- 
est Experiment  Stations,  the  Texas  Forest  Service, 
and  the  University  of  Arizona. 

Data  showed  maximum  roof  temperatures  up  to 
160°F.  Surface  texture  and  color  of  roofing  were 
found  to  have  pronounced  effects  on  temperature,  and 
the  value  of  attic  ventilation  on  keeping  temperature 
down  was  strongly  confirmed. 
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In  1948  the  Laboratory  built  an  experimental 
house-like  structure  with  walls  and  flat  roof  of  sand- 
wich panels  with  paper  honeycomb  cores  and  facings 
of  plywood,  hardboard,  cement-asbestos  board,  and 
metals.  Last  year  one  panel  with  cement-asbestos  fac- 
ings and  one  with  hardboard  facings  were  taken  out 
for  examination  of  aging  effects.  Both  were  stiffer 
than  matched  panels  tested  new  in  1948.  Aging  had 
cost  the  hardboard-faced  panel  7 percent  of  its 
strength  when  new  and  the  cement-asbestos  panel  17 
percent. 

Packaging  Research 

The  cost  of  protecting  goods  in  transit  and  in 
storage  bulks  sufficiently  large  in  the  industrial  econ- 
omy to  warrant  major  efforts  toward  greater  efficien- 
cy. Packaging  research  in  the  past  has  rung  up  many 
noteworthy  economies  by  reducing  weight  and  cubic 
content  of  packaged  items  and  designing  stronger, 
more  efficient  packaging  systems  with  less  material 
more  judiciously  employed.  In  war  and  peace,  for  in- 
dustry and  for  the  military,  FPL  contributions  in 
this  field  have  been  many  during  four  decades  of  pio- 
neering work  that  transformed  packaging  from  a hit- 
or-miss  guessing  game  to  an  engineering  specialty. 

Among  many  examples  of  this  evolution  to  pro- 
fessional maturity,  the  most  evident  today  is  the  fiber- 
board  box.  Packaging  specialists  are  careful  to  speci- 
fy “corrugated  fiberboard,”  and  with  good  reason. 
Today’s  corrugated  container  is  a far  cry  from  the 
old  “cardboard”  box  — it  is  made  of  material  as  care- 
fully engineered  for  specific  jobs  as  a beam,  a truss, 
or  an  arch.  Thickness  and  weight  of  paperboards 
have  been  closely  related  to  various  strength  proper- 
ties, and  the  combinations  of  liners  and  corrugated 
sheets  have  been  standardized  on  the  basis  of  paper 
properties  into  structural  elements  of  known  strength 
and  stiffness.  Thus  the  load-carrying  capacity  of  a 
shipping  container  becomes  as  mathematically  certain 
as  that  of  a truck  or  freight  car.  FPL  research  con- 
tributed greatly  to  this  evolution. 

Typical  of  this  research  is  a study  in  progress 
since  1940  of  the  stacking  loads  that  can  be  sustained 
by  corrugated  fiberboard  boxes  in  longtime  warehouse 
storage.  One  phase  currently  under  investigation  is 
the  effect  of  different  types  of  box  contents.  Three 
kinds  of  contents  are  under  study;  one  prevents  box 
sides  from  bowing  in ; a granular  type  “flows”  as  the 
box  is  deformed ; and  one  of  water  in  a flexible  barrier 
also  flows,  but  with  less  restraint  than  the  granular 
type.  Effects  of  each  type  will  be  analyzed  to  deter- 
mine how  it  affects  the  resistance  of  the  box  to  stack- 
ing loads  encountered  in  storage. 

Another  study  deals  with  the  most  efficient  distri- 
bution of  wood  fiber  in  corrugated  board.  Corrugated 
board  was  made  in  the  laboratory  from  liners  and  cor- 


rugating mediums  of  various  weights.  Results  indicate 
that  weight  added  to  the  liners  produces  more 
strength  than  when  an  equivalent  amount  of  weight  is 
added  to  the  corrugated  section. 

Numerous  inquiries  about  the  effects  of  age  on 
paperboard  and  corrugated  fiberboard  boxes  prompted 
a re-examination  of  paperboards  first  evaluated  when 
new  25  years  ago.  Strength  properties  were  un- 
changed. Boxes  2 to  10  years  old  were  about  5 percent 
stronger  in  compression  than  when  new. 

Research  on  package  cushioning  is  aimed  at  eval- 
uating various  materials  of  both  wood-base  and  other 
origins.  Dynamic  testing  equipment  had  to  be  de- 
signed for  this  pioneering  work.  Illustrative  of  in- 
strumentation problems  that  crop  up  is  that  of  a suit- 
able loading  pendulum  for  testing  corrugated  fiber- 
board  cushions.  The  nature  of  the  cushion  is  such 
that,  when  it  is  impacted,  a ringing  effect  is  produced 
that  distorts  the  electronic  load-recording  pulses. 
This  effect  has  been  traced  to  the  design  of  the  pen- 
dulum head,  and  corrective  designs  are  being  investi- 
gated. 

Research  made  possible  a noteworthy  advance  in 
the  design  of  bin  pallets,  now  widely  used  for  har- 
vesting and  shipping  apples,  citrus  fruits,  and  some 
types  of  vegetables.  An  evaluation  of  11  bin-pallet 
designs  by  means  of  simulated  weathering  and  rough- 
handling tests  demonstrated  desirable  construction 
features,  and  results  have  been  widely  published 
among  users  of  agricultural  bin  pallets. 

A collapsible  wood  bin  pallet  was  designed  in  co- 
operation with  the  Agricultural  Marketing  Service  of 
the  U.S.  Department  of  Agriculture  and  put  into 
service  tests  by  a grocery  chain  for  experimental 
transport  of  potatoes  from  growers  to  terminal  mar- 
kets. 

For  the  Air  Force,  16  types  of  lightweight  pallets 
were  evaluated  by  simulated  rough-handling  tests. 
The  tests  will  become  part  of  a new  specification  for 
expendable  pallets,  and  four  designs  of  pallets  are  to 
be  tried  out  under  actual  air  cargo  shipping  condi- 
tions by  the  Air  Force. 

At  the  Carbondale,  111.,  Research  Center  of  the 
Central  States  Forest  Experiment  Station,  90  pallets 
made  of  green  and  dry  lumber  are  being  periodically 
inspected  while  in  service.  After  2 years,  edge  deck 
board  of  green  lumber  are  showing  considerably  more 
failure  than  those  of  dry  lumber,  and  there  is  much 
more  objectionable  protrusion  of  nail  heads. 

Adhesives  for  Box  Assembly 

Several  adhesive  materials  have  been  found  prom- 
ising enough,  in  evaluation  of  some  30  combinations 
of  plastics,  adhesives,  and  mastics,  to  warrant  investi- 
gation of  their  performance  in  vegetable  and  fruit 
lug  boxes.  One  of  the  best  is  a rubber  isolator  glued 
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between  box  parts.  A seam  compound  and  a castor 
polyol  type  of  adhesive  were  found  to  be  nearly  as 
good  in  evaluation  of  simulated  box  corners  under 
impact  loading  that  imposed  tension,  shear,  and 
spreading  forces  on  the  joint. 

Fasteners  for  Blocking,  Bracing 

The  dynamic  loading  capabilities  of  nails,  lag 
screws,  and  bolts  were  examined  with  pendulum-im- 
pact type  apparatus  to  establish  requirements  for 
fastening  blocking  and  bracing  in  place  in  crates  to 
prevent  shifting  of  contents  during  transit.  Blocking 
and  bracing  are  also  used  to  restrain  movement  of 
containers  and  heavy  equipment  shipped  on  railroad 
cars  and  other  cargo  carriers.  Special  electronic 
equipment  was  devised  to  observe,  measure,  and  re- 
cord reactions  to  dynamic  forces  imposed  on  the  fas- 
teners. 

Nails,  lag  screws,  and  bolts  all  tended  to  follow 
the  same  pattern  under  dynamic  shear  loading  and 
resultant  joint  slip.  Fastener  diameter  appeared  to 
be  the  controlling  fastener  characteristic.  Indications 
were  that  loads  imposed  on  nails  should  be  limited  to 
about  one-half  the  calculated  allowable  load  under 
long-time  loading  to  restrict  lateral  slip  to  about  0.3 
inch,  which  is  considered  necessary  for  proper  re- 
straint of  the  load  being  blocked  or  braced. 


Packaging  Specifications 

Because  of  its  long-standing  role  in  packaging  re- 
search, FPL  is  widely  consulted  by  other  government 
agencies  concerned  with  packaging  and  shipping  spe- 
cifications. Currently  an  extensive  job  of  standard- 
izing packaging  test  procedures  is  being  done  for  the 
Navy  Bureau  of  Naval  Weapons.  More  than  1,400  test 
procedures  have  been  extracted  for  review  from  some 
335  government  packaging  specifications ; each  is  re- 
ferred to  the  most  qualified  member  of  the  FPL  staff 
for  review  and  improvement.  After  military  coordina- 
tion and  acceptance,  they  are  included  in  Federal 
Standard  No.  101. 

Packaging  Cost  Manual 

A manual  recently  completed  by  FPL  to  aid  Air 
Force  packaging  and  procurement  personnel  in  esti- 
mating costs  of  packaging  is  being  given  trial  use  by 
the  Navy  and  the  Army  Ordnance  Corps.  Estimates 
of  impressive  savings  through  its  use  have  been  re- 
ceived. In  one  10-month  period,  Air  Force  savings  on 
procurement  contracts  reportedly  amounted  to  $2,- 
243,000.  A West  Coast  packaging  consultant  said  that 
$247,000  was  refunded  to  the  Air  Force  on  one  con- 
tract on  which  he  had  used  the  cost  manual.  Assist- 
ance was  given  the  Joint  Military  Packaging  School 
in  preparing  a training  course  on  use  of  the  manual. 
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Wood  Fiber  Products  Research 


Year  by  year,  more  and  more  wood  is  transformed 
into  substances  whose  origin  in  trees  is  unrecogniz- 
able. Wood  is  our  main  source  of  fiber  for  myriad 
pulp  and  paper  products,  the  demand  for  which  con- 
tinues to  mount.  By  1975  it  is  expected  that  40  per- 
cent of  all  wood  used  will  go  into  these  products.  As 
a result,  greater  pressure  is  put  on  our  timber  sup- 
plies and  research  is  called  on  to  broaden  raw  material 
supplies. 

Ever  since  FPL  was  founded,  pulp  and  paper  has 
been  one  of  its  major  fields  of  research,  and  this  con- 
tinues to  be  the  case.  An  intensive  program  is  carried 
out  on  pulping  processes,  on  wood  fiber  properties 
related  to  pulp  and  paper  production,  and  on  the  man- 
ufacture and  properties  of  paper  products.  The  ob- 
ject is  to  make  hitherto  unused  species  and  qualities 
suitable  and  to  produce  more  pulp  from  less  wood. 

Chemical  Pulping 

From  its  beginnings,  the  pulp  and  paper  industry 
has  relied  most  heavily  on  softwoods  — the  firs, 
spruces,  pines.  Fully  delignified  pulps  of  these  long- 
fibered  species  are  still  most  commonly  used  in  many 
grades  of  paper  and  are  in  ever-increasing  demand. 
Anticipated  shortages,  therefore,  are  heightening  in- 
terest in  more  efficient  pulping  methods.  Three  pro- 
cesses under  FPL  investigation  hold  promise  of  great- 
er pulp  yield  from  softwoods. 

One,  the  polysulfide  process,  is  under  study  to  in- 
crease the  efficiency  of  southern  pine  kraft  pulping. 
It  consists  essentially  of  adding  polysulfide  to  kraft 
liquor.  In  the  laboratory,  it  promises  15  percent 
more  pulp  than  is  obtained  by  straight  kraft  pulping 
from  the  same  amount  of  wood.  Such  savings  would 
mean  substantially  lower  pulpwood  costs  and  a $2- 
to  $4-million  saving  in  capital  cost  of  a 300-ton,  $25- 
million  kraft  mill. 

A drawback,  excessive  use  of  sulfur,  is  being  at- 
tacked in  continuing  research.  Injection  or  two-stage 
cooking  appears  to  promise  reduction  of  sulfur  loss 
to  levels  now  common  in  kraft  pulping.  The  basic 
reaction  mechanism  of  elemental  sulfur  and  polysul- 
fides is  under  intensive  study. 

The  bisulfite  process  was  investigated  for  produc- 
tion of  newsprint  and  printing  papers  from  soft- 
woods. Pulps  obtained  were  much  stronger  and  clean- 
er than  those  produced  by  regular  acid  sulfite  pulp- 
ing. Yields  of  55  to  60  percent  also  were  appreciably 
higher,  and  the  pulps  were  bleached  to  moderate 
brightness. 

The  alkaline  sulfite  process  is  being  evaluated  for 
semichemical  pulping  of  softwoods.  Bleached  spruce 
pulps  were  considerably  higher  in  strength  and  yield 
than  kraft  pulps  of  the  species.  Possibilities  of  lower- 


ing lignin  content  and  bleach  requirements  are  being 
studied. 

Semichemical  and  Chemimechanical  Pulping 

Semichemical  pulping  was  pioneered  during  the 
twenties  by  FPL  as  a means  of  utilizing  plentiful 
hardwoods  much  more  extensively.  The  original  neu- 
tral sulfite  semichemical  process  has  been  notably  suc- 
cessful toward  this  end.  Moreover,  it  has  spawned 
related  processes,  both  acid  and  alkaline,  and  a new, 
more  accurate  generic  term,  “chemimechanical”  pro- 
cessing. The  processes  are  characterized  by  high 
yield,  including  substantial  amounts  of  lignin.  One  of 


Technician  John  F.  Wichmann  inserts  paper  specimen 
in  jaws  of  testing  machine  to  determine  tensile  strength. 
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the  newest  is  the  FPL  cold-soda  process,  which  ef- 
fectively doubles  pulp  yield  as  compared  with  the 
true  chemical  processes. 

Cold  soda  pulping  continues  to  gain  interest  in 
the  industry,  and  new  equipment  for  fiberizing  caus- 
tic-treated chips  has  been  developed  commercially. 
Pulps  made  from  aspen  and  a mixture  of  eastern 
hardwoods  in  one  new  type  of  fiberizing  machine 
were  successfully  used  to  replace  lower  yield  chemi- 
cal and  semichemical  pulps  in  fine  papers. 

The  high  yields  obtained  from  hardwoods  with 
chemimechanical  processes  have  led  to  trials  with 
softwoods.  In  many  paper  and  board  grades,  length 
of  fiber  is  the  prime  requisite,  color  and  physical  prop- 
erties being  secondary.  At  current  production  rates 
for  unbleached  pulps,  each  1 percent  increase  in  yield 
attained  by  including  more  lignin  is  worth  $16  mil- 
lion a year  — an  excellent  value  for  lignin  normally 
burned  or  otherwise  disposed  of!  The  substitution  of 
semichemical  for  chemical  softwood  pulps  in  un- 
bleached papers  thus  promises  not  only  more  complete 
utilization  of  wood  but  profitable  utilization.  FPL 
research  is  seeking  to  broaden  the  utility  of  semi- 
chemical softwood  pulps  even  more  by  improving 
pulp  color  and  strength. 

Further  improvements  in  high-yield  pulping  are 
being  sought  through  basic  studies  of  the  mechanism 
of  wood  fiber  separation.  The  goal  is  better  treat- 
ments for  removing  the  lignin-rich  outer  layers  of 
cell  walls  from  the  carbohydrate-rich  inner  layers. 
Chemicals  are  being  tried  that  cause  the  outer  layers 
to  swell  differently  than  the  inner  layers,  thus  easing 
the  problem  of  mechanical  separation  in  a refiner. 
Fluorescence  microscopy,  which  reveals  in  fine  detail 
the  surface  structure  of  fibers,  is  being  used  to  de- 
tect how  effective  treatments  are  in  causing  separa- 
tions within  the  fiber  walls. 

Bleaching  Cold  Soda  Pulp 

The  caustic  soda  liquor  used  to  soften  hardwood 
chips  for  fiberization  in  refiners  darkens  the  result- 
ing cold  soda  pulp.  Experimental  addition  of  sodium 
hypochlorite,  a bleach,  to  the  liquor  brightened  the 
pulp  enough  for  newsprint  use.  Additional  bleaching 
with  peroxide  while  the  chips  were  being  fiberized 
brightened  the  pulp  enough  more  for  use  in  boxboard 
and  some  foodboards.  A final  treatment  with  hydrosul- 
fite in  a bleach  tower  made  the  pulp  bright  enough 
to  use  in  magazine  papers.  A cost  study  indicated 
that  the  convenience  of  the  first  bleach  step  was  at 
least  partially  offset  by  a cost  $3  per  ton  higher  than 
conventional  batch  bleaching  with  peroxide. 

Fiber  Bonding 

As  pulp  passes  through  the  paper  machine,  it  is 
dried  and  pressed  by  rollers  to  form  paper.  The  dry- 
ing process  causes  the  fibers  to  shrink  together, 


forming  bonds  between  hydroxyl  groups  that  are 
largely  responsible  for  sheet  strength.  The  amount  of 
bonding  depends  largely  on  the  external  surface  area 
of  the  fibrous  mass.  Pulp  processing,  such  as  beating, 
increases  the  surface  area,  thus  improving  fiber  bond- 
ing and  sheet  properties. 

A water-permeability  method  of  measuring  sur- 
face area  was  found  useful  for  measuring  the  im- 
provement gained  from  beating  the  pulp.  Surface 
area  of  an  oak  kraft  pulp  moderately  beaten,  for  ex- 
ample, was  increased  from  12,500  to  58,000  square 
centimeters  per  gram  of  pulp.  Bursting  and  folding 
strength  of  papers  showed  steady  increases  with  in- 
creases in  surface  area  brought  about  by  beating  and 
screening  to  remove  fines  (greatly  undersize  cells, 
vessel  elements,  and  fiber  fragments). 

In  another  study  of  the  effects  of  pulp  beating,  too 
rapid  jordaning  — a continuous  process  of  beating  as 
opposed  to  batch  processes  — was  found  to  impair 
paper  quality.  As  production  rates  were  speeded  up, 
fibers  appeared  to  be  shortened  enough  to  offset  the 
gains  in  bursting  and  tensile  strength  normally  ob- 
tained by  beating  at  slower  production  rates. 

Paper  Manufacture 

Hardwood  semichemical  pulp  was  successfully  sub- 
stituted for  up  to  60  percent  of  the  kraft  softwood 
pulp  generally  used  to  make  linerboard  — the  facings 
for  corrugated  sheets  in  container  board.  Semichemi- 
cal pulp  heretofore  has  been  used  only  in  corrugating 
medium.  The  experiments  were  followed  up  with  pilot 
runs  on  a commercial  machine  and  production  of 
boxes  that  had  adequate  top-to-bottom  compressive 
strength  but  somewhat  lower  impact  resistance  than 
boxes  with  all-softwood  kraft  liners.  Research  is  con- 
tinuing on  ways  to  make  the  hardwood  liners  more 
impact  resistant. 

Research  on  paper  production  processes  and  treat- 
ments opened  the  way  to  significant  improvements  in 
strength,  stiffness,  and  dimensional  stability  of  papers 
ranging  from  container  board  to  sorting  machine 
punchcards  and  map  and  color  printing  papers. 

Among  various  chemicals  tried  for  stiffening  con- 
tainer board  to  improve  stacking  qualities,  a 10  per- 
cent impregnation  with  phenolic  resin  offered  most 
promise.  The  resulting  board  had  compressive 
strength  at  90  percent  relative  humidity  equal  to  that 
of  an  untreated  board  at  50  percent.  Wax  emulsions 
and  some  water  repellants  were  entirely  unsatisfac- 
tory. A surface  application  appeared  to  be  better  than 
complete  penetration  of  the  chemicals.  Surface  appli- 
cation was  done  best  at  the  size  press  on  the  paper 
machine,  where  the  sheet  is  practically  dry. 

Significant  gains  in  stiffness  and  strength  of  con- 
tainer-type papers  were  achieved  by  restraining  the 
wet  web  on  the  paper  machine  from  shrinking  as  it 
dried.  The  greater  the  restraint,  to  the  point  of  ac- 
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Pulp  web  moves  over  expander  rolls  of  FPL  paper 
machine  in  experiments  to  improve  stiffness, 
dimensional  stability. 


tually  stretching  the  web,  the  greater  were  the  gains 
in  strength  and  stiffness.  Stretching  was  accom- 
plished on  the  paper  machine  with  a commercial  type 
of  expander  roll  normally  used  to  prevent  wrinkling 
during  manufacture  and  winding  of  paper.  The 
curved  rolls  exerted  a sidewise  pull  on  the  web  that 
tended  to  broaden  it.  With  several  rolls  in  the  press 
and  dryer  sections  of  the  machine,  a sheet  was  ob- 
tained that  was  actually  wider  at  the  reel  than  at  the 
wet  end  of  the  paper  machine.  The  Boxboard  Re- 
search and  Development  Association  cooperated  in 
this  work. 

In  related  studies,  restraining  the  shrinkage  of 
paper  sheets  during  drying  was  also  found  to  result 
in  a sheet  more  dimensionally  stable  with  changes  in 
relative  humidity.  Dimensional  changes  can  cause 
serious  production  and  operating  troubles  with  punch- 
cards,  maps,  charts,  and  paper  for  color  printing. 
Shrinkage  during  sheet  drying  was  found  to  be  more 
important  to  dimensional  stability  of  paper  than  pulp 
type,  wood  species,  or  degree  of  processing  of  the 
pulp. 

The  same  type  of  expander  roll  used  to  stiffen 
paper  was  highly  successful  in  improving  dimensional 
stability.  A sheet  made  from  processed  bleached  soft- 
wood sulfate  pulp  stretched  on  these  rolls  was  9 per- 
cent wider  (9  inches  more  on  a normal  100-inch 
sheet)  and  55  percent  more  dimensionally  stable  when 
exposed  to  humidity  changes.  There  was  no  signifi- 
cant loss  in  sheet  strength  such  as  often  accompanies 
the  use  of  chemicals  to  stabilize  such  papers 
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Wood  Chemistry  Research 


Chemical  conversion  of  wood  into  other  products, 
while  extensive,  has  by  no  means  tapped  the  full 
riches  of  this  raw  material.  The  reasons  are  varied. 
Wood  cellulose,  which  comprises  some  60  percent  of 
wood  substance,  has  been  heavily  used  in  a number 
of  products  from  rayon  to  photographic  film  and  ex- 
plosives. Similar  utilization  of  lignin,  the  cement-like 
amorphous  substance  that  constitutes  about  30  per- 
cent of  wood,  has  been  balked,  however,  by  the  diffi- 
culty of  removing  it  from  wood  unchanged.  Even  its 
full  chemical  characterization  remains  to  be  estab- 
lished. Consequently,  the  foremost  challenge  to  wood 
chemists  today  is  the  nature  and  utilization  of  lignin. 
The  material  benefits  are  potentially  enormous. 

An  important  segment  of  chemical  research  at 
FPL  is  that  on  lignin  and  the  extractives  of  wood  and 
bark.  Studies  on  cellulose  and  carbohydrate  comprise 
another  important  part  of  this  basic  research,  with  a 
principal  object  the  utilization  of  grades,  qualities, 
and  sizes  of  wood  not  acceptable  for  solid  wood  or  fi- 
brous products.  Development  of  more  efficient  chemi- 
cal processes  is  being  pushed  and  involves  such  basic 
ones  as  hydrogenation,  hydrolysis,  and  destructive 
distillation,  as  well  as  bacterial  fermentation  and 


other  biochemical  methods.  Dimensional  stabilization 
and  surface  properties  of  wood  comprise  major  phy- 
sico-chemical lines  of  investigation. 

Lignin  Chemistry 

The  lignin  dissolved  in  pulping  liquors  has  a num- 
ber of  uses.  The  spent  liquor  from  sulfite  pulping  and 
its  counterpart,  the  socalled  “black  liquor”  from  sul- 
fate (kraft)  pulping,  are  both  processed  to  some  ex- 
tent to  recover  useful  compounds.  Uses  include  appli- 
cation as  a dispersing  agent ; replacements  for  carbon 
black  in  rubber;  boiler  water  conditioners,  and  oil- 
well  drilling  muds.  Sulfite  liquor  lignin  is  additionally 
used  as  a roadbed  stabilizer,  for  production  of  yeast, 
vanillin  food  flavoring,  and  alcohol. 

The  tonnages  of  lignin  removed  from  wood  by 
pulp  mills,  however,  are  so  vast  that  existing  uses  con- 
sume only  a small  fraction.  The  bulk  is  burned  for 
heat  and  to  recover  pulping  chemicals,  or  is  even  less 
usefully  disposed  of. 

Research  on  the  possibility  of  obtaining  other 
simple,  potentially  useful  compounds  from  black  li- 
quor is  under  way  at  FPL.  Anticipated  products  in- 
clude alkyl-substituted  phenols,  methoxy  phenols,  and 


Craig  countercurrent  extractor  in  use  by  Dr.  Margaret  Seikel  to  separate  flavanoids  from  mixture  in  solution. 
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a series  of  catechols.  New  microkinetic  techniques 
will  be  used  to  gain  estimates  of  quantities  potential- 
ly available. 

Long-term  basic  research  aimed  at  more  complete 
characterization  of  the  lignin  molecule,  however,  of- 
fers the  best  hope  for  ultimate  large-scale  utilization 
of  this  chemically  elusive  substance.  Being  sought  is 
a more  precise  description  of  lignin  as  it  occurs  in 
the  tree.  Progress  is  being  made. 

During  the  past  year,  for  example,  FPL  workers 
reported  that  experiments  with  synthesis  of  complex 
model  compounds  yielded  evidence  that  biphenyl- 
linked  building  units  account  for  perhaps  30  percent 
of  the  lignin  molecule.  Work  is  going  forward  on 
means  of  separating  products  that  may  contain  bi- 
phenyl linkages,  which  are  especially  resistant  to 
cleavage  into  simpler  compounds. 

Experiments  with  hydrofluoric  acid  as  a reagent 
in  separating  lignin  from  other  chemical  constituents 
of  wood  yielded  an  especially  effective  method  of  pre- 
paring wood  sections  for  microscopic  study.  The  acid 
was  found  to  remove  everything  but  the  lignin,  yet 
leave  the  three-dimensional  structural  features  of  the 
wood  intact.  Findings  of  study  under  the  electron  mi- 
croscope are  presented  in  the  section  of  this  report 
entitled  “Wood  Quality  Research.” 

Chemical  Process  Development 

A new  process  was  developed  for  cellulose  nitra- 
tion, and  a patent  was  obtained.  Nitration  is  accom- 
plished by  treating  cellulose  with  anhydrous  mixtures 
of  nitrogen  tetroxide  and  hydrofluoric  acid.  The  pro- 
cess may  lend  itself  to  continuous  production  of  cel- 
lulose nitrate  in  sheet  form,  and  has  some  advantages 
in  the  ease  with  which  it  can  be  stabilized. 

The  low-temperature  behavior  of  solid  rocket  fuels 
containing  nitrocellulose  was  studied  for  the  Army 
Ordnance  Corps  and  a report  on  findings  submitted. 

Research  on  a dehydration  process  for  making 
furfural  from  the  xylose  fraction  of  hemicellulose  has 
shown  that  the  process  is  economically  as  well  as  tech- 
nically feasible  if  the  hemicellulose  fraction  bears 
only  its  proportionate  share  of  the  wood  cost.  Fur- 
fural is  used  in  resin  manufacture,  as  an  extracting 
solvent  to  purify  lubricating  oils  and  gasoline,  and 
for  other  purposes.  It  is  now  made  from  corncobs  and 
bagasse. 

Technical  production  problems  were  explored  in  a 
pilot-scale  preheater-reactor  unit.  It  was  found  that 
solutions  containing  hexose  and  pentose  sugars  can 
be  fermented  to  alcohol,  processed  to  convert  the  pen- 
toses to  furfural,  and  the  alcohol  and  furfural  can  be 
recovered  in  the  same  still  with  marked  economy  in 
use  of  equipment  and  steam.  Such  a process  can  be 
attractive  under  the  proper  circumstances. 

Using  a highly  efficient  experimental  technique, 
valuable  processing  data  were  dbtained  on  the  deligni- 


fication  of  aspen  wood  with  sodium  xylenesulfonate,  a 
hydrotropic  salt.  Measurements  were  taken  of  the  ef- 
fects of  varying  salt  concentration,  catalyst  acid  con- 
centration, and  temperature  upon  the  rate  at  which 
lignin  and  hemicellulose  were  removed  and  upon  the 
composition  of  the  residue. 

An  extensive  program  of  research  on  charcoal 
production,  carried  out  by  FPL  in  cooperation  with 
the  Lake  States  and  Southeastern  Forest  Experiment 
Stations,  was  completed  with  publication  of  a joint 
report.  Data  are  given  on  marketing  and  use  as  well 
as  on  production.  Kiln  design  and  operation  are 
stressed. 


Biochemical  Production  of  Chemicals 

Research  on  the  conversion  of  wood  sugars  to  use- 
ful chemicals  by  fermentation  with  osmophilic  yeasts 
is  being  pursued  with  two  specific  chemicals  of  con- 
siderable potential  commercial  use  as  the  principal 
targets.  On  one,  erythritol,  laboratory  work  was  near- 
ly completed  and  has  attracted  some  commercial  in- 
terest. This  polyol  is  a rare  chemical,  sells  at  a high 
price,  and  must  be  imported.  At  lower  prices,  how- 
ever, it  can  be  expected  to  find  promising  uses  in 
plastic  resin  and  coating  formulations. 

The  other  fermentation  study,  just  under  way, 
aims  at  production  of  itaconic  acid  from  hexose  and 
pentose  sugars.  This  dibasic  acid  is  of  commercial  in- 
terest for  certain  types  of  plastics  because  it  can  re- 
act both  through  its  carboxyl  groups  and  its  double 
bonds. 


Bacteriologist  Barbara  Spring  intently  watches  flasks 
containing  xylose  solution  and  mold  Aspergillus  ter- 
reus  being  vigorously  shaken  to  introduce  air  into  so- 
lution during  fermentation  for  production 
of  itaconic  acid. 
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New  Analytical  Methods 

FPL’s  chromatographic  method  of  analyzing  puri- 
fied pulps  for  trace  carbohydrates  formed  the  basis 
for  a tentative  standard  of  the  American  Society  for 
Testing  and  Materials.  The  method  is  widely  used  in 
this  country  and  abroad. 

A spectrophotometric  method  for  determining  the 
lignin  content  of  wood  in  small  samples  was  published 
in  TAPPI,  the  journal  of  the  Technical  Association  of 
the  Pulp  and  Paper  Industry.  A 0.010-gram  sample 
of  wood  is  dissolved  by  treating  it  with  acetyl  bromide 
in  acetic  acid,  the  solution  is  treated  with  chemicals 
to  remove  interfering  substances,  and  lignin  content 
is  computed  from  the  amount  of  light  absorbed  by  the 
solution  at  a wavelength  of  280  millimicrons.  Meas- 
urements are  reproducible,  rapid,  and  inexpensive. 

Physical  Chemistry 

Research  on  the  physical  chemistry  of  wood  is 
mainly  devoted  to  investigation  of  phenomena  involv- 
ing the  surface  chemistry  of  wood,  wood-water  rela- 
tions, dimensional  stabilization,  colloid  chemistry,  and 
adsorption  of  substances  on  wood.  Among  these,  sta- 
bilization treatments  that  counteract  the  dimensional 
changes  that  occur  in  wood  as  it  shrinks  or  swells 
with  changes  in  atmospheric  humidity  continue  to 
receive  much  attention. 

One  current  goal  of  dimensional  stabilization  re- 
search is  a simple  process  that  will  do  an  acceptable 
job  with  little  chemical  at  low  cost.  Such  a process 
would  be  applicable  to  many  large-volume  uses  of 
lumber,  plywood,  and  fibrous  sheet  materials  used  in 
millwork,  sash  and  doors,  furniture,  and  other  uses. 

Chemist  Richard  C.  Weatherwax  collects  gas  from 
burned  polyvinyl  acetate  tagged  with  radioactive 
C-14,  to  measure  amount  adsorbed  on  lignin  surface. 
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Its  development  appears  to  hinge  on  the  extension  of 
basic  knowledge  about  such  things  as  the  effective- 
ness of  films  as  moisture  barriers  and  the  mechanism 
of  moisture  passage  through  wood. 

Polyethylene  glycol,  a waxlike  chemical  that  dis- 
solves in  water,  was  found  several  years  ago  to  be  a 
good  stabilizing  agent  when  introduced  into  the  fine 
cell-wall  structure  of  green  wood.  Its  use  in  this  re- 
spect and  as  an  aid  in  the  seasoning  of  wood  is  des- 
cribed in  the  section  of  this  report  entitled  “Solid 
Wood  Products  Research.” 

A nuclear  magnetic  resonance  technique  was  found 
to  be  useful  for  measuring  the  relationship  between 
moisture  content  and  the  tightness  with  which  mois- 
ture is  bound  to  wood.  The  extent  to  which  a wood 
specimen  placed  between  poles  of  a magnet  absorbs 
radio-frequency  radiation  is  measured  and  correlated 
with  the  moisture  content  of  the  wood. 

The  same  technique  was  used  experimentally  to 
relate  mobile  hydrogen  content  of  wood  and  moisture 
content.  Since  the  relationship  is  not  limited  to  mois- 
ture content  levels  below  the  fiber  saturation  point, 
the  method  appears  to  have  possibilities  for  nonde- 
structive measurement  of  all  moisture  levels.  Equip- 
ment limitations  at  present  make  it  more  suitable  for 
chips  and  pulp  than  for  solid  wood. 

In  a study  of  the  surface  properties  of  wood,  a 
specific  affinity  was  found  to  exist  between  polyvinyl 
acetate  and  wood  surfaces.  Adsorption  of  this  poly- 
mer was  found  to  be  greater  in  swollen  wood,  and  the 
lumen  walls  of  wood  were  shown  to  play  an  important 
role  in  the  adsorption.  Exploration  is  continuing  on 
the  factors  that  affect  the  bonding  of  such  polymers 
to  wood. 

Apparatus  for  measuring  C-14  content  of  gas  obtained 
in  burning  polyvinyl  acetate  coating  adsorbed  on 
surface  of  lignin  film. 
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Wood  Quality  Research 


The  quality  of  standing  timber  bears  importantly 
upon  the  cost,  strength,  durability,  beauty,  and  other 
criteria  by  which  wood  products  are  judged.  Research 
aimed  at  improving  the  quality  of  wood  and  its  prod- 
ucts, therefore,  begins  in  the  forest,  where  wood  is 
essentially  “manufactured”  by  natural  life  processes. 

The  key  role  that  wood  utilization  research  plays 
in  this  area  of  quality  has  been  increasingly  recog- 
nized in  recent  years  by  foresters,  timber  owners, 
lumbermen,  plywood  producers,  and  makers  of  wood 
fiber  products.  Rate  of  growth,  density,  fiber  content, 
and  other  basic  indicators  of  wood  quality  are  all 
governed  to  a great  extent  by  growth  conditions  in 
the  forest,  and  these  conditions  are  in  turn  proving 
manageable  to  an  extent  that  heavily  influences  the 
quality  of  the  wood  produced. 

The  objects  of  FPL  research  affecting  wood  qual- 
ity are  to  establish  and  apply  criteria  needed  to  eval- 
uate quality  of  existing  timber  resources ; to  evaluate 
growing  conditions  and  forest  management  practices 
in  terms  of  wood  quality;  to  explore  the  significance 
of  the  complex  structure  of  wood  with  respect  to 
strength  and  related  physical  properties;  and  to  es- 
tablish working  principles  and  procedures  for  eval- 
uating wood  and  wood  products  in  terms  that  facili- 
tate better  grading  for  quality. 

In  line  with  these  objects,  research  is  under  way 
to  evaluate  the  intrinsic  wood  quality  of  standing 
timber;  establish  what  effects  such  environmental 
factors  as  soil  and  rainfall,  and  such  silvicultural 
treatments  as  pruning,  have  on  quality;  investigate 
by  microscopic  and  other  means  how  the  physical 
structure  of  wood  is  related  to  its  properties ; and  as- 
sist in  the  establishment  of  quality  grades  for  trees 
and  logs. 

Quality  of  Standing  Timber 

Over  the  years,  FPL  research  has  developed  a 
number  of  basic  criteria  for  judging  the  quality  of 
wood.  Among  these  are  the  number  of  annual  rings 
per  inch  of  radius  of  a cross  section;  proportion  of 
summerwood  in  the  annual  rings ; the  angle  at  which 
the  fibrils  of  a wood  fiber  are  oriented  to  the  longi- 
tudinal axis  of  the  fiber;  and  specific  gravity. 

Of  these,  the  most  broadly  useful  index  to  such 
quality  factors  as  strength,  hardness,  and  associated 
physical  properties  is  the  last,  specific  gravity.  It  is 
also  a reliable  indicator  of  fiber  content,  a quality 
factor  of  prime  interest  to  pulp  and  paper  manufac- 
turers. 

A few  years  ago  the  Forest  Service  was  about  to 
begin  another  of  its  periodic  timber  inventories  in 
certain  States.  To  conduct  this  work,  foresters  select 
sample  plots  on  a statistically  sound  basis  and  esti- 


mate timber  volume  of  the  trees  on  them.  These  esti- 
mates are  used  to  calculate  board  foot  volume  of 
standing  timber  on  all  forests  in  the  geographic  area 
sampled. 

As  an  experiment,  the  Southern  Forest  Experi- 
ment Station  agreed  to  include  a “density  survey”  of 
southern  pines  on  all  sample  plots  to  be  inventoried  in 
the  state  of  Mississippi.  That  is,  a specimen  of  wood 
called  an  increment  core  would  be  taken  from  each 
tree  at  breast  height  and  sent  to  FPL  for  specific 
gravity  determination.  In  this  way  a statistically  re- 
liable estimate  of  the  density  of  the  southern  pines  of 
an  entire  State  would  become  available  for  the  first 
time.  When  Mississippi  State  forestry  officials  and 
industry  representatives  were  informed  of  what  was 
contemplated,  they  agreed  to  furnish  manpower  and 
other  help. 

The  Mississippi  density  survey  provided  a wealth 
of  information  on  not  only  the  density  range  of 
southern  pine  in  that  State  but  on  density  variation 
with  geographic  location,  growth  conditions,  climatic 
factors,  and  the  like.  In  addition,  the  cores  proved 
useful  for  other  evaluations,  such  as  rate  of  growth 
and  fibril  orientation. 

An  extra  bonus  was  the  location  of  trees  with 
wood  of  exceptionally  high  quality  for  seed  collection 
and  genetic  study  by  specialists  of  the  Southern 
Station.  One  longleaf  pine  with  a specific  gravity  of 
0.75  — highest  on  record  for  any  native  softwood  of 
good  form  and  growth  rate  — produced  twice  as  much 
fiber  as  average  trees  the  same  age  on  the  same  site. 
Some  of  these  elite  trees  may  become  the  parents  of 
superior  forests. 

Since  completion  of  the  Mississippi  “quality  cen- 
sus,” similar  work  has  been  undertaken  in  other  sou- 
thern States.  Core  collecting  and  processing  had  been 
completed  by  1961  for  Missouri,  Arkansas,  Florida, 
and  Georgia.  In  North  Carolina  and  Alabama,  core 
collecting  got  under  way. 

Preliminary  computations  on  core  data  for  Geor- 
gia and  Florida  indicated  that  specific  gravity  tends 
to  increase  through  these  States  from  north  to  south, 
and  to  a lesser  extent  from  west  to  east.  Slash  pine 
varied  from  0.477  in  central  Georgia  to  0.660  in  sou- 
thern Florida,  and  similar  trends  are  apparent  for 
longleaf  and  loblolly  pine.  Every  overall  increase  of 
0.01  in  specific  gravity  means  50  pounds  more  dry 
weight  per  cord  of  pulpwood.  The  specific  gravity  pat- 
tern, as  in  Mississippi,  correlates  closely  with  warm- 
season  rainfall. 

In  Maine,  cooperating  industry  foresters  are  col- 
lecting the  cores,  which  are  processed  by  the  Uni- 
versity of  Maine,  with  industry  financial  help;  final 
data  analysis  will  be  done  at  FPL.  The  Northeastern 
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Relation  of  shortleaf  pine  density  to  warm  season  rainfall  distribution  in  Mississippi. 
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FPL  Technologist  Harold  E.  Wahlgren  twists  increment 
borer  into  Pacific  silver  fir  on  Olympic  National  Forest 
while  associate  Dimitri  Pronin  measures  girth  of  tree, 
as  part  of  widespread  timber  quality  inventory. 


Station,  in  cooperation  with  FPL,  is  working  out  the 
important  relationship  between  core  density  at  breast 
height  and  average  tree  density. 

In  1960  core  collection  work  was  launched  in  sev- 
eral western  States  with  the  cooperation  of  the  Pacific 
Northwest,  Pacific  Southwest,  and  Intermountain 
Forest  Experiment  Stations.  During  1961,  industry 
began  a three-year  financial  contribution  to  the  west- 
ern survey.  The  Douglas  Fir  Plywood  Association, 
West  Coast  Lumbermen’s  Association,  and  Western 
Pine  Association  have  agreed  to  contribute  a total  of 
$300,000  to  help  defray  costs  of  collecting  and  analyz- 
ing some  26,000  cores.  Being  sampled  are  the  main 
commercial  softwoods,  including  Douglas-fir,  western 
hemlock,  western  larch,  Pacific  silver  fir,  California 
red  fir,  noble  fir,  grand  fir,  and  white  fir.  On  white 
fir,  special  strength  studies  are  accompanying  the 
density  work,  as  described  in  the  section  of  this  re- 
port entitled,  ‘Wood  Products  Engineering  Research.” 

During  the  1961  season,  a total  of  8,964  cores  were 
collected  by  survey  crews  on  1,530  sample  plots  in 
California,  Idaho,  Montana,  Oregon,  Utah,  Washing- 
ton, and  Wyoming.  Including  4,248  cores  received  in 
1960,  a total  of  more  than  6,500  cores  from  western 
species  were  analyzed  for  specific  gravity  in  the  Lab- 
oratory. 


In  another  phase  of  the  density  program,  FPL 
crews  during  1961  went  into  several  western  States  to 
collect  specimens  of  wood  at  various  heights  in  trees 
of  the  species  under  study.  The  purpose  of  this  was 
to  gain  an  index  of  specific  gravity  variation  through- 
out the  length  of  the  tree,  since  past  studies  have 
shown  that  wood  higher  in  a tree  is  generally  less 
dense  than  that  in  the  lower  part  of  the  stem.  These 
indexes  are  used  to  convert  specific  gravity  determin- 
ations of  increment  cores  taken  at  breast  height  by 
survey  crews  to  overall  tree  values. 

Through  1961,  1,144  trees  of  eight  western  species 
were  indexed  in  this  way,  mainly  on  national  forests 
where  timber  was  being  cut  by  private  lumbering  con- 
cerns that  had  purchased  the  stumpage.  Trees  were 
sampled  in  Arizona,  California,  Colorado,  New  Mexi- 
co, Oregon,  and  Washington. 

Because  of  the  large  diameters  of  many  old- 
growth  trees  sampled  in  the  West,  increment  cores 
were  limited  to  a maximum  of  10  inches  in  length. 
In  the  southern  pines  of  the  South,  all  trees  had  been 
bored  to  the  pith.  Doubts  about  the  reliability  of  the 
10-inch  cores  have  been  dispelled  by  comparisons 
with  the  over-all  tree  gravity  determinations  made  on 
full-radius  samples  taken  at  20-foot  intervals  along 
the  tree  stem.  An  essentially  straight-line  relation- 
ship considered  as  good  as  any  for  southern  pine  was 
shown  in  graphs  for  Douglas-fir  and  white  fir. 

Environmental  Effects  on  Quality 

How  rainfall,  sunlight,  soil,  prevailing  winds,  and 
other  environmental  conditions  affect  tree  growth  and 
wood  quality  has  long  been  a subject  of  FPL  research. 
During  1961,  for  example,  published  results  of  a 
study  of  loblolly  pine  growing  experiments  in  Arkan- 
sas showed  for  the  first  time  that  soil  water  avail- 
ability is  closely  correlated  with  such  anatomical 
features  as  percentage  of  summerwood  in  the  annual 


Increment  core  of  southern  pine. 
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ring  and  number  and  size  of  summerwood  fibers.  To 
get  this  and  other  information,  trees  were  dissected 
and  microscopically  examined  ring  by  ring  from  the 
pith  outward  to  the  midpoint  of  each  year’s  height 
growth. 

A study  just  beginning  is  designed  to  shed  light 
on  the  effect  of  wind  on  the  anatomical  structure  of 
some  softwoods.  To  get  this  work  under  way,  instru- 
mentation is  being  developed  and  tested  that  will 
help  record  tree  reactions  to  wind. 

Research  done  elsewhere  has  demonstrated  that 
wind  stimulates  growth  activity  of  the  cambium,  the 
layer  of  growing  cells  just  under  the  bark  that  creates 
a new  growth  ring  each  year.  It  has  also  been  shown 
that  growing  cells  develop  tension  stresses  along  the 
grain  and  compression  stresses  in  the  circumferential 
direction.  The  causes  are  unknown,  but  these  stresses 
are  so  generally  present  that  it  can  be  assumed  some 
common  physiological  process  is  stimulated  by  such  a 
mechanical  effect  as  wind  sway. 

There  is  conclusive  evidence  that  the  mechanical 
action  of  wind  stimulates  cambial  activity.  The  great- 
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With  the  electron  microscope.  Dr.  Irving  B.  Sachs 
studies  wood  structure  enlarged  many  thousands  of  times. 
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Magnified  32,000  times  under  electron  microscope, 
lignin  shows  plainly  in  pit  membrane  of  loblolly  pine 
from  which  cellulose  has  been  removed. 

est  stresses  developed  by  swaying  motion  occur  near 
the  point  of  support  of  the  tree,  usually  at  the  base, 
where  growth  is  most  rapid.  This  has  been  confirmed 
by  experiments  in  which  trees  were  guyed  so  that  the 
point  of  support  against  wind  sway  was  raised  to  the 
height  where  the  guys  were  attached  to  the  trunk. 
This  became  the  point  of  greatest  stress  and  also  of 
greatest  diameter  growth. 

Detailed  analyses  are  to  be  made  on  wood  in  the 
stems  of  young  loblolly  pine  trees  so  guyed  on  the 
Crossett  Experimental  Forest  in  Arkansas  by  investi- 
gators of  the  Southern  Forest  Experiment  Station. 
From  these  analyses  it  is  expected  that  ideas  will  be 
obtained  on  how  the  structure  and  strength  of  wood 
may  be  affected  — perhaps  improved  — by  planned 
exposure  of  growing  trees  to  wind  under  controlled 
silvicultural  conditions. 

Relation  of  Structure  to  Properties 

Past  research  has  shed  much  light  on  how  the 
structure  of  wood  — including  abnormalities  such  as 
compression  wood  and  tension  wood  — affects 
strength,  shrinkage,  glue  lines  in  plywood  and  lami- 
nated wood,  treatment  with  preservatives,  and  bond- 
ing together  of  wood  fibers  in  paper.  Current  work 
has  centered  largely  on  studies  of  wood  structural  de- 
tails visible  for  the  first  time  under  the  electron  mi- 
croscope. Two  such  investigations  under  way  are 
aimed  at  learning  more  about  the  nature  of  the  fiber- 
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to-fiber  bond  in  paper  and  the  distribution  of  lignin 
in  the  cell  walls. 

The  enormous  enlargements  made  possible  by  the 
electron  microscope,  coupled  with  the  radically  differ- 
ent operational  characteristics  of  this  instrument, 
comprise  in  effect  an  entirely  new  branch  of  optical 
science  for  which  new  research  techniques  are  essen- 
tial. In  the  study  of  wood  fibers,  for  example,  optical 
evidence  has  been  obtained  for  the  first  time  of  what 
not  long  ago  was  regarded  as  the  smallest  fundamen- 
tal unit  of  wood,  the  crystallite  or  micell.  Heretofore 
this  unit  had  been  encountered  only  through  chemical 
and  x-ray  diffraction  techniques,  by  means  of  which 
measurements  of  its  size  in  Angstrom  units  had  been 
obtained. 

Tiny  flecks  revealed  in  some  electron  photomicro- 
graphs at  enlargements  of  some  180,000  diameters  are 
assumed  to  be  crystallites  because  they  conform  to 
the  measurements  obtained  by  x-ray  methods.  Much 
additional  work  remains  to  be  done  to  develop  tech- 
niques for  exploring  this  new  lead  to  greater  under- 
standing of  such  phenomena  as  fiber-to-fiber  bonding 
in  paper. 

Similarly,  new  evidence  is  being  obtained  of  the 
presence  of  lignin  throughout  the  cell  walls  of  wood 
and  in  the  membrane-like  toruses  that  close  the  mi- 
nute openings  in  cell  walls  called  bordered  pits.  A 
strong  step  ahead  in  this  work  was  made  possible  by 
the  finding,  discussed  in  this  report  under  “Wood 
Chemistry  Research,”  that  hydrofluoric  acid  removes 
the  cellulose  from  wood  sections  but  leaves  the  wood 
structure  intact.  This  technique  has  made  it  possible 
to  attain  for  the  first  time  visual  evidence  of  the 
presence  of  substantial  amounts  of  lignin  in  all  three 
layers  of  the  cell  wall  and  the  middle  lamella.  Hereto- 
fore it  had  been  thought  that  the  tertiary,  or  S3, 
layer  was  virtually  pure  cellulose.  Significance  of  this 
finding  to  new  pulping  processes  seeking  to  separate 
the  layers  of  wood  cells  by  differential  shrinkage 
methods  is  considerable,  as  pointed  out  in  the  section 
of  this  report  entitled  “Wood  Fiber  Products  Re- 
search.” 

Similarly,  visual  evidence  of  the  presence  of  lig- 
nin in  the  torus  gives  chemists  firmer  ground  for 
planning  new  methods  of  chemically  attacking  these 
membranes  to  open  up  the  bordered  pits  for  passage 
of  wood  treating  liquids  and  other  substances.  This 
work  has  special  application  to  such  difficult-to-treat 
woods  as  Douglas-fir. 

Identification  Service 

From  King  Midas’  ancient  tomb  to  a witness  chair 
in  a modern  murder  trial  — that’s  the  span  of  activi- 
ties encompassed  by  FPL’s  free  wood  identification 
service  during  1961. 


Wood  specimens  from  ornate  furnishing  of  a crypt 
recently  opened  by  archaeologists  near  Gordion,  Tur- 
key, are  believed  to  have  come  from  the  tomb  of  the 
legendary  monarch  who  wished  all  he  touched  would 
turn  to  gold  — and  got  his  wish. 

A crude  tree  branch  allegedly  used  to  club  at  least 
one  of  three  women  to  death  in  an  Illinois  State  park 
was  sent  to  FPL  for  identification  and  relation  to 
wood  splinters  taken  from  the  scalp  of  one  of  the 
victims.  The  request  led  to  witness  services  in  the  trial 
of  a man  accused  of  the  crime. 

Most  requests  for  identification  are  more  routine 
in  character.  Nevertheless,  they  may  involve  large 
lumber  purchases,  legal  disputes,  or  other  situations 
of  deep  concern  to  the  inquirer.  During  1961,  the  total 
of  such  requests  showed  a substantial  increase  to 
3,044  from  the  2,723  received  the  year  before.  Some 
possible  economic  significance  may  be  attributed  to 
the  fact  that  a new  record  high  in  requests  for  iden- 
tification services  outside  the  Forest  Service  preceded 
the  fourth-quarter  surge  in  the  Nation’s  business  ac- 
tivity ! 

Grading  Trees  and  Logs 

Development  of  log  and  tree  grades  for  important 
commercial  species  has  potentially  high  value  for  all 
owners  of  timber,  and  especially  to  owners  of  small 
acreages.  For  the  most  part,  Forest  Service  and  other 
surveys  have  shown  small  holdings  to  be  least  produc- 
tive, largely  because  their  owners  cannot  afford  the 
services  of  trained  foresters.  Generally,  timber  on 
such  holdings  is  sold  on  a clear-cutting  basis  at  low 
unit  prices.  If  reliable  tree  and  log  grades  were  avail- 
able, such  owners  could  realize  much  higher  returns 
by  selling  “on  grade”  either  by  selective  cutting  or 
clear  cutting,  depending  on  stand  conditions. 

During  1961,  FPL  contributed  considerable  tech- 
nical advice  and  guidance  to  the  National  Log  Grade 
Project  under  way  throughout  the  Forest  Service. 
Fifteen  work  plans  for  studies  proposed  under  this 
project  and  13  manuscripts  covering  completed  work 
were  reviewed  for  technical  content.  These  included 
the  Forest  Service  Scaling  Manual  and  the  Southern 
Pine  Log  Grade  Report.  Staff  members  also  partici- 
pated in  field  work  on  the  white  fir,  Douglas-fir,  pon- 
derosa  pine,  eastern  white  pine,  and  hardwood  log- 
grade  studies. 

Photographic  techniques  developed  by  FPL  for 
log-grade  use  were  used,  and  various  Station  person- 
nel were  trained  in  their  application. 

In  related  research,  FPL  published  results  of  an 
investigation  into  two  methods  of  measuring  lumber 
volume  of  hardwood  logs,  the  Scribner  Decimal-C  log 
rule  and  the  International  ^4-inch  log  rule.  Compar- 
ing estimates  made  with  both  rules  to  actual  lumber 
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yields  obtained  from  the  logs,  it  was  found  that  less 
overrun  was  obtained  on  logs  measured  with  the  In- 
ternational rule  than  on  those  measured  with  the 
Scribner  rule.  It  is  still  necessary,  however,  to  apply 
an  over-run  factor  to  either  log  rule  scale  if  one  is  to 
obtain  an  accurate  estimate  of  actual  lumber  yield. 

An  investigation  was  begun  of  the  possibilities  of 
applying  principles  of  hardwood  lumber  grading  to 
low-grade  eastern  white  pine  boards.  Hardwood  lum- 


ber is  graded  on  the  basis  of  the  yield  of  cuttings  of 
clear  wood  from  boards  with  knots  and  other  grade- 
reducing  imperfections.  The  same  principle  is  being 
applied  to  No.  4 Common  white  pine  boards  from  4 
to  12  inches  wide,  which  have  low  value  as  now  mar- 
keted. Some  500  boards  were  sampled  at  each  of  10 
New  England  mills.  Conclusions  await  completion  of 
studies  comparing  estimated  with  actual  yields  of 
clear  cuttings. 


28 


Informational  Activities 


FPL  has  always  been  operated  on  the  premise  that 
results  of  its  research  are  of  value  only  as  they  are 
made  public.  Enabling  legislation  passed  by  the  Con- 
gress emphasizes  the  obligation  to  distribute  re- 
search results.  This  obligation  is  discharged  in  several 
ways : by  publication  of  reports,  handbooks,  and  other 
printed  matter;  by  correspondence  and  personal  dis- 
cussion with  visitors;  and  by  talks  and  demonstra- 
tions to  groups. 

Publications 

Three  broad  categories  of  scientific  and  technical 
publications  are  produced  by  FPL  authors.  During 
1961  a total  of  103  of  all  categories  were  published. 

For  many  years  FPL  has  issued  a series  of  re- 
search reports  now  numbering  some  2,000.  In  1961,  a 
total  of  51  new  or  revised  reports  were  issued.  These 
reports  are  designed  primarily  to  bring  results  of  re- 
search to  the  attention  of  scientists,  engineers,  and 
others  directly  interested  in  detailed  presentations  of 
newly  completed  work  within  a given  limited  field  of 
study.  Some  of  these  reports,  however,  are  of  broader 
scope. 

Paralleling  this  series  of  reports  is  another,  called 
technical  notes,  some  200  of  which  are  now  in  exist- 
ence. These  notes  are  confined  to  brief  descriptions  of 
how  to  apply  some  principle  of  science  or  research 
finding  to  practical  problems  dealing  with  the  use  of 
wood.  One  technical  note  was  revised  in  1961. 

The  third  category  of  FPL  publications  consists 
predominantly  of  U.S.  Department  of  Agriculture 
technical  bulletins,  agriculture  handbooks,  home  and 
garden  bulletins,  and  miscellaneous  publications; 
FPL  also  produces  such  publications  for  other  agen- 
cies of  government.  Last  year  two  agriculture  hand- 
books, one  miscellaneous  publication,  and  one  techni- 
cal bulletin  were  published.  Publications  of  this  cate- 
gory present  the  substance  of  broad  areas  of  research 
findings,  generally  in  terms  of  their  application  to 
major  fields  of  wood  use.  Thus  the  Wood  Handbook, 
Agriculture  Handbook  No.  72,  is  primarily  a guide  to 
better  wood  use  for  engineers,  architects,  and  builders. 

In  1961  a manual  on  lumber  seasoning  prepared  by 
FPL  was  published  by  the  International  Cooperation 
Administration.  And  in  cooperation  with  the  Depart- 
ment of  Defense  and  the  Federal  Aviation  Agency, 
FPL  produced  “Part  III : Design  Procedures”  of  Mili- 
tary Handbook  23,  “Composite  Construction  for 
Flight  Vehicles.”  This  document  was  based  in  part  on 
research  done  previously  by  FPL  for  the  Composite 
Construction  Subcommittee  (formerly  ANC-23  Pan- 
el) of  the  Federal  Aircraft  Design  Criteria  Commit- 
tee. 


Another  substantial  part  of  the  Laboratory’s  pub- 
lication program  consists  of  papers  published  in  sci- 
entific, technical,  and  trade  journals.  A total  of  46 
such  articles  were  published  during  1961. 

The  wealth  of  information  available  at  FPL  on 
wood  products  is,  of  course,  beneficial  to  users  as  well 
as  producers.  Such  information  is  occasionally  pub- 
lished in  mass  media  of  communication,  such  as  news- 
papers and  popular  magazines.  As  time  and  person- 
nel permit,  requests  from  these  media  for  articles  and 
illustrations  are  filled.  Similar  service  is  provided  for 
radio,  television,  and  motion  picture  agencies  re- 
questing it.  A total  of  60  news-type  articles  were  pre- 
pared during  1961  and  distributed  to  press,  radio, 
and  television. 

Semiannually  a list  of  new  publications  is  dis- 
tributed to  persons  requesting  it.  Several  subject- 
matter  lists  of  publications  are  also  distributed  on 
request. 

Visitors 

From  48  States  and  48  foreign  lands,  visitors 
came  to  FPL  during  1961  for  consultation  on  prob- 
lems involving  research  and  utilization  of  wood.  They 
numbered  3,499  of  the  10,007  visitors  of  all  types, 
including  tourists,  conservationists,  homemakers,  high 
school  and  college  students,  and  industrial  and  profes- 
sional groups. 

Of  the  consulting  visitors,  the  largest  number  by 
field  of  interest  were  those  concerned  with  problems 
of  pulp  and  paper  research  and  production,  who  to- 
taled 522.  Close  behind,  at  517,  were  those  interested 
in  gluing,  machining,  painting  and  finishing,  fire- 
proofing, and  other  types  of  solid  wood  processing. 
Engineering  consultations  brought  513,  wood  preser- 
vation matters  293,  timber  growing,  wood  structure, 
sawmilling,  machining,  and  the  like  289,  packaging 
270,  and  wood  chemistry  248.  Another  425  consulted 
FPL  information  specialists,  and  333  conferred  with 
the  Director.  Library  facilities  were  used  by  49,  and 
40  met  with  fiscal  and  administrative  officials. 

During  1961,  16  major  conferences  were  held  at 
FPL  with  industry  groups.  These  included  the  Spe- 
cial Committee  on  Technical  Studies  of  the  National 
Lumber  Manufacturers  Association;  Committee  D-7 
on  Wood  and  the  subcommittee  on  pressure  tapes  of 
Committee  D-10  on  Packaging,  American  Society  for 
Testing  and  Materials;  the  Pulp  Chemicals  Associa- 
tion; the  Preservative  Standards  Advisory  Commit- 
tee of  the  National  Woodwork  Manufacturers  Asso- 
ciation ; the  Boxboard  Research  and  Development  As- 
sociation ; the  Technical  Committee  of  the  Fibre  Box 
Association;  the  Chemical  Packaging  Committee  of 
the  Manufacturing  Chemists  Association;  the  Techni- 
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Director  Edward  G.  Locke  explains  FPL  organization 
to,  from  left,  Nestor  Altuve,  Director  of  Natural  Re- 
sources for  Venezuela,  and  that  Nation's  Minister  of 
Agriculture,  Victor  Manual  Giminez.  Venezuela  plans 
laboratory  for  wood  products  research. 

cal  Review  Board  of  the  American  Institute  for  Tim- 
ber Construction ; and  a group  of  door  manufacturers. 

The  Task  Group  on  Basic  Stresses  of  the  Ameri- 
can Society  for  Testing  and  Materials  met  twice  at 
FPL  during  the  year  for  conferences  on  the  develop- 
ment of  such  stresses  for  lumber. 

A meeting  to  discuss  the  use  of  particle  board  as 
underlayment  for  flooring  tile  involved  the  National 
Particleboard  Association,  the  Rubber  Manufacturers’ 
Association,  and  the  Asphalt  and  Vinyl  Tile  Institute. 

FPL  research  on  structural  materials  for  aircraft 
and  rockets  was  reviewed  at  a joint  meeting  of  two 
groups,  the  ANC-17  Panel  on  Plastics  for  Flight  Ve- 
hicles and  the  Composite  Construction  Subcommittee 
(formerly  ANC-23  Panel)  of  the  Federal  Aircraft 
Design  Criteria  Committee. 

Among  foreign  visitors  were  five  industry  groups. 
Three  of  these  were  sponsored  by  the  International 
Cooperation  Administration.  These  were  a Philippine 
Plywood  Industry  Productivity  Team,  a Paper  Pro- 
ductivity Team  from  India,  and  a Forestry  Logging 
Team  from  Spain.  The  other  two  groups  consisted  of 
Japanese  foresters  and  sawmill  operators  and  French 
corrugated  box  manufacturers. 

Secretary  of  Agriculture  Orville  L.  Freeman  vis- 
ited FPL  November  13,  1961,  accompanied  by  George 
A.  Barnes,  Assistant  to  the  Secretary,  and  Governor 
Gaylord  Nelson  of  Wisconsin.  His  visit  had  been  pre- 
ceded in  August  by  that  of  Dr.  Frank  J.  Welch,  As- 
sistant Secretary  of  Agriculture  in  charge  of  Federal- 
State  relations. 


Among  other  groups  visiting  FPL  were  legal  offi- 
cials of  12  States  attending  the  Midwestern  Regional 
Conference  of  Attorneys  General  in  Madison  October 
31.  FPL’s  widely  known  services  to  law  enforcement 
agencies  needing  technological  assistance  in  the  field 
of  wood  and  wood  products  attracted  this  group. 

In  July,  67  teachers  from  13  Asian  and  African 
countries  studying  in  the  United  States  under  ICA 
sponsorship  visited  FPL  on  a tour  conducted  by  the 
National  Education  Association. 

Scientific  and  Technical  Meetings 

FPL  staff  members  regularly  appear  on  the  pro- 
grams of  major  scientific  and  technical  meetings,  con- 
ventions of  trade  and  industry  groups,  and  govern- 
ment conferences.  Some  50  addresses  to  such  organi- 
zations were  made  during  1961.  The  great  majority 
were  national  or  regional  in  scope. 

Director  Edward  G.  Locke  spoke  to  five  groups, 
among  which  were  the  International  Union  of  For- 
estry Research  Organizations  in  Vienna,  Austria,  a 
Governor’s  Conference  on  Wood  Utilization  at  Charle- 
ston, W.  Va.,  the  Mountain  States  Lumber  Dealers 
Association  at  Denver,  Colo.,  and  the  Wisconsin  State 
Chamber  of  Commerce  Natural  Resources  tour  at 
Trees  for  Tomorrow  Camp,  Eagle  River. 

A staff  member  attending  the  Pacific  Science  Con- 
gress in  Honolulu,  presented  two  papers,  one  his 
own  and  the  other  authored  jointly  by  Dr.  J.  F.  Sae- 
man,  Chief  of  the  Division  of  Wood  Chemistry,  and 
Dr.  Locke. 

Among  major  national  organizations  before  which 
FPL  staff  members  spoke  were  the  Technical  Asso- 
ciation of  the  Pulp  and  Paper  Industry,  the  American 
Chemical  Society,  the  Forest  Products  Research  So- 
ciety, the  American  Wood-Preservers’  Association, 
the  American  Pulpwood  Association,  the  Building  Re- 
search Institute  of  the  National  Academy  of  Sciences 
— National  Research  Council,  the  American  Society 
of  Mechanical  Engineers,  the  American  Management 
Association,  the  American  Society  of  Agricultural 
Engineers,  and  the  thirtieth  annual  Shock  and  Vibra- 
tion Symposium. 

Among  regional  groups  before  which  technical 
and  scientific  papers  were  given  were  the  Louisiana 
Forestry  Association,  the  Southern  Forestry  Con- 
gress, the  Northeastern  Loggers  Association,  and  a 
quality  control  short  course  at  Louisiana  State  Uni- 
versity. 

Sectional  groups  of  the  Forest  Products  Research 
Society  before  which  addresses  were  given  were  the 
Carolinas-Chesapeake,  Midwest,  Northern  California, 
and  Northeast  sections.  The  South  Atlantic  Wood 
Pole  Conference  at  North  Carolina  State  College,  the 
Eastern  Wood  Pole  Conference  at  the  New  York  State 
University  College  of  Forestry  at  Syracuse  Univer- 
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Chemically  stabilized  wood  gunstocks  held  attention  of  (seated,  left  to  right)  Secretary  of  Agriculture  Orville  L.  Free- 
man, Wisconsin  Governor  Gaylord  Nelson,  and  George  A.  Barnes,  Assistant  to  the  Secretary.  Demonstrating  stock  is 
Harold  L.  Mitchell,  chief,  division  of  timber  growth  and  utilization  relations;  and  in  background  are  FPL  Director  Edward 

G.  Locke,  left,  and  John  C.  Killebrew,  FPL  information  specialist. 


sity,  and  a University  of  Wisconsin  Wood  Pole  In- 
stitute heard  papers  presented  by  FPL  staff  members. 

An  FPL  housing  research  engineer  addressed  a 
conference  on  electric  house  heating  and  insulation 
conducted  by  USDA’s  Agricultural  Research  Service 
in  Washington,  D.C. 

Training 

Several  demonstrations  designed  to  give  up-to- 
date  research  results  to  industry  groups  were  held  at 
FPL  during  1961.  Longest  of  these  was  the  2-week 
demonstration  on  kiln  drying  attended  by  25  men, 
chiefly  from  industry.  This  was  the  85th  such  demon- 
stration given  in  a series  begun  in  1919.  Those  en- 
rolled came  from  the  States  of  Arkansas,  Colorado, 
Georgia,  Illinois,  Louisiana,  Michigan,  Mississippi, 
North  Carolina,  Pennsylvania,  Texas,  Vermont,  and 
Wisconsin,  and  from  Canada,  China,  Colombia,  and 
Mexico. 


A 1-week  training  conference  was  conducted  for 
the  Southern  Pine  Association,  with  21  in  attendance 
from  Georgia,  Texas,  Louisiana,  Arkansas,  and  Wash- 
ington, D.C.  Subject  matter  ranged  from  growth- 
quality  relationships  and  basic  strength  properties  of 
southern  pine  to  structural  design,  seasoning,  gluing 
and  laminating,  wood  finishing,  and  fireproofing  and 
preservative  treatments. 

Twenty-five  field  staff  members  of  the  National 
Lumber  Manufacturers  Association  attended  a 1-day 
training  demonstration.  A similar  program  was  ar- 
ranged for  the  Northern  Illinois  Home  Builders  As- 
sociation. 

Small-sawmill  specialists  conducted  five  clinics  for 
operators,  two  in  Washington,  two  in  Oregon,  and  one 
in  Michigan.  These  were  attended  by  operators  of 
such  mills.  This  type  of  training  is  aimed  at  making 
mills  more  efficient  by  showing  how  logs  can  be  cut 
into  higher  grade  lumber  with  less  waste  from  faulty 
and  off-size  cutting. 
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One  sawmill  specialist  participated  in  a western 
hardwood  utilization  symposium  at  Berkeley,  Calif., 
and  another  gave  on-the-ground  assistance  to  the 
Chippewa-Cree  Indian  tribe  just  starting  a small 
sawmill  enterprise  in  Montana. 

Student  Programs 

As  is  true  in  any  specialized  field,  forest  products 
research  requires  highly  trained  scientists  and  engi- 
neers. A college  degree  is  but  a gate  pass.  How  well 
the  young  graduate  adapts  his  educational  equipment 
to  the  new  tasks  he  undertakes  once  inside  the  labora- 
tory depends  to  a considerable  extent  upon  the  on-the- 
job  training  he  receives.  At  FPL  this  type  of  training 
has  long  been  given  to  new  employees. 

In  recent  years,  two  programs  have  been  launched 
which  in  effect  provide  training  in  laboratory  skills 
and  procedures  to  young  men  and  women  still  at- 
tending classroom  lectures.  One  of  these  is  a program 
for  graduate  students  enrolled  at  the  University  of 


Wisconsin  for  advanced  study,  and  the  other  is  a sum- 
mer-work program  for  undergraduates  interested 
in  forest  products  research. 

In  1961,  under  a cooperative  program  with  the 
University  of  Wisconsin,  research  employment  was 
given  to  14  graduate  students.  These  students  came 
from  undergraduate  schools  in  widely  scattered  parts 
of  the  Nation,  having  been  attracted  by  the  combina- 
tion of  a famous  graduate  institution  and  FPL’s  re- 
search opportunity.  Seven  of  these  were  engaged  in 
engineering  research  as  part  of  their  graduate  stud- 
ies, and  one  each  in  research  on  the  pulping  of  wood, 
structural  characteristics  of  wood,  fire  protection, 
wood-water  relations,  termite  investigations,  wood- 
decaying  fungi,  and  bacterial  infections  in  wood. 

The  research  these  students  were  engaged  in  will 
generally  be  presented  in  dissertations  for  master’s 
or  Ph.  D.  degrees  and  FPL  publications. 

During  1961  a summer  training  program  was  con- 
ducted for  21  undergraduate  students.  Six  worked  on 


Eighteen  of  the  21  undergraduate  college  students,  from  sophomore  to  senior  in  standing, 
who  participated  in  FPL  1961  on-the-job  training  in  research. 
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timber  processing  assignments,  five  in  pulp  and  paper 
research,  three  in  wood  chemistry,  two  in  engineering 
research,  two  in  wood  structure-properties  relations, 
one  in  packaging  research,  one  in  technical  photogra- 
phy, and  one  in  statistics. 

One  object  of  this  work  is  to  give  young  students 
an  opportunity  to  test  their  talents  on  actual  research 
jobs. 

Students  from  13  universities  and  colleges  were 
employed  last  year.  They  came  from  Syracuse,  Michi- 
gan State,  Illinois,  Iowa  State,  Michigan,  New  Hamp- 
shire, Wisconsin,  Cornell,  St.  John’s  (Collegeville, 
Minn.)  and  North  Carolina  Universities,  and  from 
Oberlin  (Ohio)  College,  Rochester  (N.Y.)  Institute 
of  Technology,  and  Augustana  (Illinois)  College. 

Last  year  only  one  of  every  four  students  who 
applied  could  be  selected  for  the  small  number  of 
summer  jobs  available.  Acceptance  was  based  on 
above-average  academic  records  and  recommendation 
of  the  students’  faculty  adviser.  Students  hired 
ranged  from  sophomore  to  senior  in  academic  stand- 
ing. 

In  time,  it  is  hoped  to  build  a reservoir  of  young 
men  and  women  skilled  in  forest  products  research 
and  better  qualified  to  take  on  research  jobs  at  FPL 
and  other  research  institutions.  The  need  is  great  and 
varied;  and  as  progress  continues,  the  demand  for 


research  workers  experienced  in  increasingly  com- 
plex specialties  grows  apace.  On-the-job  training  dur- 
ing the  college  years  provides  that  experience  at  a 
time  when  it  is  most  useful  both  to  the  student  and 
to  prospective  full-time  employers. 

With  that  goal  foremost,  FPL  hopes  to  continue 
and  expand  both  its  graduate  and  undergraduate  pro- 
grams of  part-time  research. 

Under  a new  program  launched  in  1961,  contracts 
were  concluded  with  five  universities  for  graduate 
research  projects.  A student  at  the  University  of 
California  will  appraise  and  evaluate  ponderosa  pine 
stumpwood  as  a source  of  wood  rosin.  At  the  Univer- 
sity of  Idaho,  a graduate  student  will  study  the 
growth-quality  relations  affecting  physical,  mechani- 
cal, and  chemical  properties  of  western  redcedar. 
Forces  and  temperatures  affecting  wood  cutting  op- 
erations will  be  investigated  by  a University  of  Mich- 
igan graduate  student,  while  at  the  University  of 
Minnesota  the  factors  underlying  initial  infection  of 
wood  by  decay  fungi  will  be  looked  into.  Studies  on 
the  catalytic  hydrogenation  of  lignin  during  pulping 
processes  will  be  done  at  the  New  York  State  College 
of  Forestry  at  Syracuse  University.  Other  contracts 
are  pending  with  Colorado  State  University,  Oregon 
State  University,  and  the  University  of  Wisconsin 
under  this  program. 
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FPL  Publications  Issued  in  1961 


1.  Baechler,  R.  H. 

1961.  How  to  Treat  Fence  Posts  by  Double  Diffu- 
sion. Forest  Prod.  Lab.  Rpt.  No.  1955.  (Revised) 

2.  , Blew,  J.  0.,  and  Duncan,  Catherine  G. 

1961.  Causes  and  Prevention  of  Decay  in  Cooling 
Towers.  Amer.  Soc.  of  Mech.  Eng.  Paper  No. 
61-PET-5,  Sept. 

3.  , and  Roth,  H.  G. 

1961.  Further  Data  on  the  Extraction  of  Creosote 
From  Marine  Piles.  Proc.  Amer.  Wood-Preserv- 
ers’ Assn.  Vol.  57,  120-129. 

4.  Black,  J.  M.,  and  Blomquist,  R.  F. 

1961.  Development  of  Adhesives  With  Improved 
Heat  Resistance  in  Bonds  of  Stainless  Steel. 
Forest  Prod.  Lab.  Rpt.  No.  1883. 

5.  Blew,  J.  0. 

1961.  Comparison  of  Wood  Preservatives  in  Stake 
Tests  (1961  Progress  Report).  Forest  Prod. 
Lab.  Rpt.  No.  1761. 

6.  

1961.  Results  of  Preservative  Treatment  of  Doug- 
las-fir  From  Different  Areas.  Proc.  Amer.  Wood- 
Preservers’  Assn.  Vol.  57,  200-212. 

7.  

1961.  Treating  Wood  by  the  Cold-Soaking  Method. 
Forest  Prod.  Lab.  Rpt.  No.  1445.  (Revised) 

8.  

1961.  What  Can  Be  Expected  From  Treated  Wood 
in  Highway  Construction.  Forest  Prod.  Lab. 
Rpt.  No.  2235. 

9.  , and  Kulp,  John  W. 

1961.  Comparison  of  Wood  Preservatives  in  Mis- 
sissippi Post  Study.  Forest  Prod.  Lab.  Rpt.  No. 
1757. 

10.  , Henriksson,  S.  T.,  and  Hudson,  M.  S. 

1961.  Oscillating  Pressure  Treatment  of  10  U.S. 
Woods.  For.  Prod.  Jour.  11(6)  : 275-282,  June. 

11.  Blomquist,  R.  F. 

1961.  Adhesives  for  the  Future  of  the  Wood  Indus- 
try. Adhesives  Age  4(6)  : 20-27,  June. 

12.  

1961.  Progress  in  1960  . . . Glues  and  Gluing  Pro- 
cesses. For.  Prod.  Jour.  11(2)  : 77-85,  Feb. 

13.  Boiler,  K.  H. 

1961.  Effect  of  Infrared  Heat  on  45°  Tensile. 
Strength  of  Two  Reinforced  Phenolic  Laminates. 
Forest  Prod.  Lab.  Rpt.  No.  1879. 

14.  

1961.  Predicting  the  Strength  of  Reinforced  Plastic 
Laminates  With  Temperature  Gradients.  For- 
est Prod.  Lab.  Rpt.  No.  1881. 

15.  

1961.  Stress-Rupture  Evaluation  of  Glass-Rein- 
forced Plastic  Laminates.  Forest  Prod.  Lab. 
Rpt.  No.  2228. 

16.  Champion,  F.  J. 

1961.  Products  of  American  Forests.  USD  A Misc. 
Pub.  No.  861,  30  pp.,  illus. 

17.  Chidester,  G.  H.,  and  Schafer,  E.  R. 

1961.  Pulping  of  Asian  and  Australasian  Wood  and 
Plant  Fiber.  Forest  Prod.  Lab.  Rpt.  No.  2211. 

18.  Clark,  Ira  T.,  and  Millett,  M.  A. 

1961.  Nitration  of  Cellulose  in  Anhydrous  Mix- 
tures of  Nitrogen  Tetroxide  and  Hydrogen  Fluo- 
ride. Tappi  44(2)  : 144-146,  Feb. 

19.  Clark,  J.  W. 

1961.  Natural  Decay  Resistance  of  Alerce.  For. 
Prod.  Jour.  11(3):  127-128,  Mar. 

20.  Coleman,  Donald  G. 

1961.  An  Oral  History  Interview  With  Harry  Don- 


ald Tiemann.  Southern  Lumberman  20(2537): 
137-140,  Dec.  15. 

21.  Cowling,  Ellis  B. 

1961.  Comparative  Biochemistry  of  the  Decay  of 
Sweetgum  Sapwood  by  White-Rot  and  Brown- 
Rot  Fungi.  USD  A Tech.  Bui.  No.  1258,  79  pp., 
illus. 

22.  Davis,  E.  M. 

1961.  The  Effect  of  Density  Upon  Wood  Proper- 
ties. Hitchcock’s  Wood  Working  Digest  63(9): 
52-54,  Sept. 

23.  Duncan,  C.  G. 

1961.  Relative  Aeration  Requirements  by  Soft  Rot 
and  Basidiomycete  Wood-Destroying  Fungi. 
Forest  Prod.  Lab.  Rpt.  No.  2218. 

24.  Eickner,  H.  W.,  and  Olson,  W.  Z. 

1961.  Statistical  Variations  in  the  Lap-Joint 
Strength  of  Metal-Bonding  Adhesives  at  Ele- 
vated Temperatures.  Forest  Prod.  Lab.  Rpt.  No. 
1880. 

25.  Fahey,  D.  J.,  and  Martin,  J.  S. 

1961.  Suitability  of  Some  Pacific  Coast  Woods  for 
Printing  Papers.  Forest  Prod.  Lab.  Rpt.  No. 
2200. 

26.  Hallock,  Hiram 

1961.  Kerf  Chip  Sawing  — A Mixed  Blessing? 
Southern  Lumberman  203(2528)  : 33,  36,  38,  40, 
42.  August  1. 

27.  Hamre,  R.  H. 

1961.  How  Good  Is  Wood  in  a Fire?  Forest  Farm- 
er 20(11):  8-9,  18-19,  July. 

28.  Harris,  John  F.,  and  Smuk,  John  M. 

1961.  Chemical  Conversion  of  Wood  Residues,  Part 
IV,  Economics  of  the  Production  of  Furfural 
from  Xylose  Solutions.  For.  Prod.  Jour.  11(7): 
303-309,  July. 

29.  Heebink,  B.  G. 

1961.  How  to  Balance  Plastic-Faced  Wood  Panels. 
Wood  and  Wood  Products  66(6)  : 38,  40,  June. 

30.  

1961.  Paper  Overlaid  Lumber.  For  Prod.  Jour. 
11(4)  : 167-175,  Apr. 

31.  

1961.  Paper  Overlays  on  Low-Grade  Lumber.  The 
Northeastern  Logger  10(4):  14-15,  34-36,  43, 
Oct. 

32.  Heebink,  T.  B. 

1961.  An  Evaluation  of  11  Bin-Pallet  Designs. 
Forest  Prod.  Lab.  Rpt.  No.  2216. 

33.  Henley,  John  W. 

1961.  Overrun  Estimates  of  the  Scribner  Decimal 
C Log  Rule  and  the  International  14  -Inch  Log 
Rule  for  Hardwood  Logs.  Forest  Prod.  Lab.  Rpt. 
No.  2214. 

34.  James,  William  L. 

1961.  Calibration  of  Electric  Moisture  Meters  for 
Jack  and  Red  Pine,  Black  Spruce,  Paper  Birch, 
Black  Ash,  Eastern  Hemlock,  and  Bigtooth  As- 
pen. Forest  Prod.  Lab.  Rpt.  No.  2208. 

35.  

1961.  Effect  of  Temperature  and  Moisture  Content 
on  Internal  Friction  and  Speed  of  Sound  in 
Douglas-fir.  For.  Prod.  Jour.  11(9):  383-390, 
Sept. 

36.  Jaranilla,  E.,  and  Lutz,  J.  F. 

1961.  Electrical  Resistance  Heating  Is  Used  to  Pre- 
dry Veneer.  Plywood  1(11):  24-26,  Apr.  Also 
published  as  “Predrying  Veneer  by  Resistance 
Heating,”  by  E.  Jaranilla  and  J.  F.  Lutz.  Wood 
and  Wood  Products  44(4)  : 54,  Apr. 
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37.  Johnson,  C.  L. 

1961.  Wind-Powered  Solar-Heated  Lumber  Dryer. 
Southern  Lumberman  203(2532)  : 41-42,  44,  Oct. 

1. 

38.  Johnson,  D.  B.,  Moore,  W.  E.,  and  Zank,  L.  C. 

1961.  The  Spectrophotometric  Determination  of 
Lignin  in  Small  Wood  Samples.  Tappi  44(11): 
793-798,  Nov. 

39.  Keller,  E.  L.,  Martin,  J.  S.,  Hyttinen,  A., 
and  Simmonds,  F.  A. 

1961.  Pulping  and  Papermaking  Experiments  on 
Certain  Philippine  Woods  and  Plant  Fibers. 
Forest  Prod.  Lab.  Rpt.  No.  2207. 

40.  Kellicutt,  K.  Q. 

1961.  How  Paperboard  Properties  Affect  Corru- 
gated Container  Performance.  Tappi  44(3): 
201A-204A,  Mar. 

41.  Kimball,  K.  E. 

1961.  Effects  of  Aging  on  the  Compressive  Proper- 
ties of  Glass-Fabric-Base  Polyester  Laminates. 
Forest  Prod.  Lab.  Rpt.  No.  1882. 

42.  Koeppen,  R.  C.,  and  Kukachka,  B.  F. 

1961.  Avodire,  Turraeanthus  africanus  (Welw.  ex 
C.  DC.)  Pellegr.  Forest  Prod.  Lab.  Rpt.  No. 
1905  (Revised) 

43.  Kukachka,  B.  F. 

1961.  Agba,  Gossweilerodendron  balsamiferum 
(Verm.)  Harms.  Forest  Prod.  Lab.  Rpt.  No. 
2024  (Revised) 

44.  

1961.  Corisa,  Chorisia  insignis  HBK.  Forest  Prod. 
Lab.  Rpt.  No.  1996  (Revised) 

45.  

1961.  Ishpingo,  Amburana  acreana  (Ducke)  A.  C. 
Smith.  Forest  Prod.  Lab.  Rpt.  No.  1915  (Re- 
vised) 

46.  

1961.  Wood  Identification  at  the  U.S.  Forest  Pro- 
ducts Laboratory.  Forest  Prod.  Lab.  Rpt.  No. 
2232. 

47.  Laundrie,  J.  F.,  and  Hyttinen,  Axel 

1961.  Sulfate  Pulping  of  Balsam  Fir.  Forest  Prod. 
Lab.  Rpt.  No.  2225. 

48.  Lewis,  Wayne  C. 

1961.  Board  Materials  From  Wood  Residues.  For- 
est Prod.  Lab.  Rpt.  No.  1666-21  (Revised) 

49.  

1961.  Diversification  — The  key  to  Recent  Progress 
in  Board  Manufacture  in  the  United  States. 
Board  (Gt.  Britain)  14(1)  Jan. 

50.  Lindgren,  R.  M.,  and  Eslyn,  W.  E. 

1961.  Biological  Deterioration  of  Pulpwood  and 
Pulp  Chips  During  Storage.  Tappi  44(6):  419, 
June. 

51.  Locke,  Edward  G. 

1961.  New  Processes  and  Products.  Northeastern 
Logger  9(9)  : 18-19,  46-47,  61,  69,  Mar. 

52.  

1961.  Wood  — A Source  of  Raw  Material  for 
Chemical  Utilization.  Forest  Prod.  Lab.  Rpt.  No. 
2224. 

53.  , and  Garnum,  Eric 

1961.  FAO  Technical  Panel  on  Wood  Chemistry: 
Working  Party  on  Wood  Hydrolysis.  For.  Prod. 
Jour.  11(8):  380-382,  Aug. 

54.  Lutz,  J.  F. 

1961.  Forest  Products  Laboratory  Experiments 
Making  Veneer  From  Southern  Pine  Logs.  Ply- 
wood 2(1)  : 20-21,  June. 


55.  Malcolm,  F.  B. 

1961.  Effect  of  Defect  Placement  and  Taper  Setout 
on  Lumber  Grade  Yields  When  Sawing  Hard- 
wood Logs.  Forest  Prod.  Lab.  Rpt.  No.  2221. 

56.  

1961.  Quality  Evaluation  of  Hawaiian  Timber. 
Forest  Prod.  Lab.  Rpt.  No.  2226. 

57.  , Reineke,  L.  H.,  and  Hallock,  H. 

1961.  Saw  Performance  and  Lumber  Characteris- 
tics When  Producing  Pulpable  Southern  Pine 
Sawdust.  Forest  Prod.  Lab.  Rpt.  No.  2210. 

58.  Markwardt,  L.  J.,  and  Wood,  L.  W. 

1961.  ASTM  Research  Potential  — Unlimited. 
Materials  Research  and  Standards,  Bui.  of 
Amer.  Soc.  for  Testing  and  Materials.  1(7): 
558-560,  July. 

59.  Martin,  J.  S. 

1961.  Sulfate  Pulping  of  Alligator  Juniper.  For- 
est Prod.  Lab.  Rpt.  No.  2219. 

60.  McKibbins,  S.  W.,  Harris,  J.  F.,  and  Saeman,  J.  F. 

1961.  A Sample  Applicator  for  Chromatographic 
Paper  and  Its  Use  for  5-Hydroxymethyl-2-Fur- 
aldehyde  and  Levulinic  Acid  Analysis.  Jour,  of 
Chromatography  5(3):  207-216,  May. 

61.  McMillen,  J.  M. 

1961.  Special  Methods  of  Seasoning  Wood:  Sol- 
vent Seasoning.  Forest  Prod.  Lab.  Rpt.  No.  1665- 
2 (Revised).  Vapor  Drying.  Forest  Prod.  Lab. 
Rpt.  No.  1665-3  (Revised). 

62.  , and  James,  W.  L. 

1961.  High-Frenquency  Dielectric  Heating.  For- 
est Prod.  Lab.  Rpt.  No.  1665-7  (Revised) 

63.  Millett,  M.  A.,  Seborg,  R.  M.,  Zoch,  L.  L., 
and  Masuelli,  F.  J. 

1961.  Kinetics  of  the  Thermal  Degradation  of  Cel- 
lulose Nitrate  As  Measured  by  an  Improved 
Taliani  Procedure.  Tappi  44(9)  : 636-647,  Sept. 

64.  Miniutti,  V.  P.,  Mraz,  E.  A.,  and  Black,  J.  M. 

1961.  Measuring  the  Effectiveness  of  Water-Re- 
pellent Preservatives.  For.  Prod.  Jour.  11(10): 
453-462,  Oct. 

65.  Mitchell,  H.  L. 

1961.  A Concept  of  Intrinsic  Wood  Quality,  and 
Nondestructive  Methods  for  Determining  Quality 
in  Standing  Timber.  Forest  Prod.  Lab.  Rpt.  No. 
2233. 

66.  , and  Iversen,  E.  S. 

1961.  Seasoning  Green-Wood  Carvings  with  Poly- 
ethylene Glycol-1000.  For.  Prod.  Jour.  11(1):  6-7, 
Jan. 

67.  Moore,  Wayne  E.,  and  Beglinger,  Edward 

1961.  A Method  of  Charcoal  Analysis.  For.  Prod. 
Jour.  11(1):  17-19,  Jan. 

68.  Panek,  E.,  Blew,  J.  O.,  and  Baechler,  R.  H. 

1961.  Study  of  Groundline  Treatments  Applied  to 
Five  Pole  Species.  Forest  Prod.  Lab.  Rpt.  No. 
2227. 

69.  Peck,  E.  C.,  and  McMillen,  J.  M. 

1961.  Lumber  Seasoning:  An  Operation  Manual 
for  Cooperative  Program  Use.  Prepared  by  For- 
est Products  Laboratory  for  U.S.  International 
Cooperation  Administration,  Off.  of  Indus.  Re- 
sources, Tech.  Aids.  Br.  Washington,  D.C. 

70.  Phillips,  Lucia  S.,  and  Baechler,  R.  H. 

1961.  A Review  of  Articles  on  Methods  for  Deter- 
mining Arsenic,  Boron,  Chlorine,  Fluorine,  and 
Zinc  in  Various  Materials.  Forest  Prod.  Lab. 
Rpt.  No.  2234. 
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71.  Ramos,  Agustin  N. 

1961.  Stress-Strain  Distribution  in  Douglas-fir. 
Beams  Within  the  Plastic  Range.  Forest  Prod. 

Lab.  Rpt.  No.  2231. 

72.  Rasmussen,  E.  F. 

1961.  Dry  Kiln  Operator’s  Manual.  USDA  Agr. 
Hdbk,  No.  188,  197  pp.,  illus. 

73.  , and  Avanzado,  Melecio  B. 

1961.  Full-Time  or  Part-Time  Kiln  Drying.  South- 
ern Lumberman,  pp.  99-104,  Dec.  15. 

74.  Rietz,  R.  C. 

1961.  Accelerated  Weathering  of  Red  Oak  Treated 
With  Various  Preservatives  Used  to  Treat  Cross- 
ties. For.  Prod.  Jour.  11(12)  : 567-575,  Dec. 

75.  Rothrock,  C.  W.,  Jr.,  Smith,  W.  R., 
and  Lindgren,  R.  M. 

1961.  The  Effects  of  Outside  Storage  on  Slash  Pine 
Chips  in  the  South.  Tappi  44(1)  : 65-73,  Jan. 

76.  Rowe,  J.  W.,  and  Pearl,  I.  A. 

1961.  A Review  of  Progress  in  Chemical  Conver- 
sion. For.  Prod.  Jour.  11(2)  : 85-107,  Feb. 

77.  Sanyer,  N.,  Keller,  E.  L.,  and  Martin,  J.  S. 

1961.  Bisulfite  and  Kraft  Pulping  of  Saw  Chips 
from  Douglas-fir  and  Southern  Pine.  Tappi  44 
(8) : 180A-190A,  Aug. 

78.  Schafer,  E.  R. 

1961.  Effect  of  Condition  and  Kind  of  Wood  on 
Groundwood  Pulp  Quality.  Forest  Prod.  Lab. 

Rpt.  No.  2220. 

79.  , and  Chidester,  G.  H. 

1961.  Pulping  and  Papermaking  Experiments  on 
Certain  Pines  of  Mexico  and  Central  America. 
Forest  Prod.  Lab.  Rpt.  No.  2217. 

80.  Scheffer,  T.  C.,  and  Eslyn,  W.  E. 

1961.  Effect  of  Heat  on  the  Decay  Resistance  of 
Wood.  For.  Prod.  Jour.  11(10)  : 485-490,  Oct. 

81.  

1961.  Natural  Decay  Resistance  of  Guijo  ( Shorea 
guiso ).  For.  Prod.  Jour.  11(6)  : 282,  June. 

82.  Selbo,  M.  L. 

1961.  Adhesives  for  Structural  Laminated  Lumber. 
Adhesives  Age  4(2)  : 22-25,  Feb. 

83.  

1961.  Effect  of  Solvent  on  Gluing  of  Preservative- 
Treated  Red  Oak,  Douglas-fir,  and  Southern 
Pine,  Proc.  Amer.  Wood-Preservers’  Assn.  Vol. 

57,  152-161. 

84.  Simmonds,  F.  A.,  and  Hiller,  Charlotte  H. 

1961.  Characterization  of  Sawdust  and  Shavings 
for  Pulp.  Forest  Prod.  Lab.  Rpt.  No.  2212. 

85.  Smith,  Diana  M. 

1961.  Method  of  Determining  Specific  Gravity  of 
Small  Wood  Chips.  Forest  Prod.  Lab.  Rpt.  No. 
2209. 

86.  , and  Wilsie,  Mary  C. 

1961.  Some  Anatomical  Responses  of  Loblolly  Pine 
to  Soil-Water  Deficiencies.  Tappi  44(3) : 179- 
185,  Mar. 

87.  Smith,  H.  H.,  and  Baechler,  R.  H. 

1961.  Treatment  of  Hawaiian  Grown  Wood  Posts 
by  the  Double-Diffusion  Wood  Preservation  Pro- 
cess. U.S.  Forest  Service,  Pacific  Southwest  For- 
est and  Range  Expt.  Sta.  Research  Note  No.  187, 

Aug. 

88.  Stamm,  A.  J.,  and  Wagner,  Eugene 

1961.  Determining  the  Distribution  of  Interstruc- 
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